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Visual Abstract
IMPORTANCE Malignant spinal canal compression, a major complication of metastatic cancer,

is managed with radiotherapy to maintain mobility and relieve pain, although there is no

standard radiotherapy regimen. CME Quiz at _
jamanetwork.com/learning

Supplemental content

OBJECTIVE To evaluate whether single-fraction radiotherapy is noninferior to 5 fractions
of radiotherapy.

DESIGN, SETTING, AND PARTICIPANTS Multicenter noninferiority randomized clinical trial
conducted in 42 UK and 5 Australian radiotherapy centers. Eligible patients (n = 686) had
metastatic cancer with spinal cord or cauda equina compression, life expectancy greater than
8 weeks, and no previous radiotherapy to the same area. Patients were recruited between
February 2008 and April 2016, with final follow-up in September 2017.

INTERVENTIONS Patients were randomized to receive external beam single-fraction 8-Gy
radiotherapy (n = 345) or 20 Gy of radiotherapy in 5 fractions over 5 consecutive days (n = 341).

MAIN OUTCOMES AND MEASURES The primary end point was ambulatory status at week 8,
based on a 4-point scale and classified as grade 1 (ambulatory without the use of aids and
grade 5 of 5 muscle power) or grade 2 (ambulatory using aids or grade 4 of 5 muscle power).
The noninferiority margin for the difference in ambulatory status was -11%. Secondary end
points included ambulatory status at weeks 1, 4, and 12 and overall survival.

RESULTS Among 686 randomized patients (median [interquartile range] age, 70 [64-77]
years; 503 (73%) men; 44% had prostate cancer, 19% had lung cancer, and 12% had breast
cancer), 342 (49.8%) were analyzed for the primary end point (255 patients died before the
8-week assessment). Ambulatory status grade 1or 2 at week 8 was achieved by 115 of 166
(69.3%) patients in the single-fraction group vs 128 of 176 (72.7%) in the multifraction group
(difference, -3.5% [1-sided 95% Cl, -11.5% to «]; P value for noninferiority = .06). The
difference in ambulatory status grade 1or 2 in the single-fraction vs multifraction group was
-0.4% (63.9% Vs 64.3%; [1-sided 95% Cl, -6.9 to «]; P value for noninferiority = .004) at
week 1, -0.7% (66.8% vs 67.6%; [1-sided 95% Cl, —8.1 to «]; P value for noninferiority = .01)
at week 4, and 4.1% (71.8% vs 67.7%; [1-sided 95% Cl, 4.6 to «]; P value for

noninferiority = .002) at week 12. Overall survival rates at 12 weeks were 50% in the
single-fraction group vs 55% in the multifraction group (stratified hazard ratio, 1.02 [95% Cl,
0.74-1.41]). Of the 11 other secondary end points that were analyzed, the between-group
differences were not statistically significant or did not meet noninferiority criterion.

CONCLUSIONS AND RELEVANCE Among patients with malignant metastatic solid tumors and
spinal canal compression, a single radiotherapy dose, compared with a multifraction dose
delivered over 5 days, did not meet the criterion for noninferiority for the primary outcome
(ambulatory at 8 weeks). However, the extent to which the lower bound of the Cl overlapped
with the noninferiority margin should be considered when interpreting the clinical
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Single-Fraction vs Multifraction Radiotherapy and Ambulatory Status in Patients With Spinal Canal Compression

pinal canal compression is a common complication of

metastatic cancer and affected an estimated 4000 pa-

tients in the United Kingdom in 2008 and 25 000 in the
United States in 2005.%2 Most patients are treated with radio-
therapy, and common practice has been to deliver 20 to 30 Gy
in 5 to 10 fractions,** with longer fractionation schedules for
patients with a better prognosis. However, the evidence for
using single-fraction radiotherapy comes from trials based on
patients with bone pain from metastatic disease (eg, pelvis, long
bones, skull) after excluding metastatic spinal canal compres-
sion at diagnosis.>® A systematic review” on spinal canal com-
pression consisting of only retrospective studies (which tend
to be affected by bias and confounding), aside from 1 random-
ized clinical trial,® reported similar outcomes between single-
fraction and multifraction radiotherapy.

Guidelines from the National Institute of Health and Clini-
cal Excellence in England® indicate that radiotherapy may be
delivered as a single treatment or several consecutive smaller
treatments. The American Society for Radiation Oncology
guidelines recommend a single 8-Gy radiation dose for pa-
tients with painful spinal sites, particularly if they have lim-
ited life expectancy, focusing on pain relief.!° The US Na-
tional Comprehensive Cancer Network guidelines refer to
radiotherapy to manage spinal canal compression, but do not
indicate or recommend any schedule."

The objective of this study was to evaluate whether single-
fraction radiotherapy was noninferior to multifraction radio-
therapy for managing spinal canal compression, using mobil-
ity as the clinically relevant outcome for patients.

Methods

Study Oversight and Patients
The single-fraction radiotherapy compared to multifraction ra-
diotherapy (SCORAD) trial was approved in the United King-
dom by a single national ethics review board and in Australia
by individual review boards for each institution. All patients gave
written informed consent. The protocol and statistical analy-
sis plan can be found in Supplement 1 and Supplement 2.
Eligible patients were aged at least 18 years with an estimated
life expectancy greater than 8 weeks and proven diagnosis of spi-
nal canal or cauda equina (C1-S2) compression on magnetic reso-
nance imaging or computed tomographic scan, with single or
multiple sites of compression. Histological or cytological confir-
mation of malignancy was required, but not for patients with
clinical evidence of prostate cancer, who had to have a serum
prostate-specific antigen level greater than 100 pg/L. Patients
were excluded if they were able to undergo surgery or chemo-
therapy or if they had hematological malignancies or glioma, pro-
phylactic treatment in the absence of radiological spinal canal
compression, or previous radiotherapy targeting the spine.

Intervention and Randomization Procedure

Patients were randomized in a 1:1 ratio to receive either 20 Gy
of external beam radiotherapy in 5 fractions over 5 consecutive
days (daily from Monday to Friday) or 8 Gy of radiotherapy in a
single fraction. Randomization was performed centrally by the
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Key Points

Question Is treatment with a single dose of radiotherapy
noninferior to multifraction radiotherapy delivered over 5 days
among patients with metastatic cancer who have spinal canal
compression?

Findings Ina clinical trial of 686 patients, the percentage who
were ambulatory at 8 weeks was 69.3% in the single-fraction
group vs 72.7% in the multifraction radiotherapy group. The lower
Cl limit for the risk difference (-11.5%) did not meet the predefined
noninferiority margin of -11.0%.

Meaning Treatment with single-fraction radiotherapy did not
meet the criterion for noninferiority compared with multifraction
radiotherapy for ambulatory response rate at 8 weeks, but
consideration should be given to the extent to which the lower
bound of the Cl overlapped with the noninferiority margin.

University College London Cancer Trials Centre using minimi-
zation (with a random element), stratified by center, ambula-
tory status, primary tumor type, and presence or absence of non-
skeletal metastases. Megavoltage radiotherapy was delivered to
the compression site with a margin of at least 1 vertebral level
above and below. The dose was prescribed at cord depth, using
magnetic resonance imaging or imaging at simulation. It was
mandated that treatment began within 48 hours of a decision
to treat based on diagnostic imaging up to 7 days prior to com-
mencement of treatment. Supportive care was given according
to local practice, including steroids and analgesics.

End Points

Patients were assessed in clinicat about 1, 4, 8,12, and 52 weeks
after randomization, unless they were unable or unwilling to
attend physically, in which case a health professional from the
local hospital contacted them by telephone at these time points.
Information about whether outcomes were ascertained in per-
son or by telephone was not collected. These assessments in-
cluded gathering information regarding ambulatory status, ad-
verse events, and additional treatments received. Information
about additional therapies and date of death were also ob-
tained from medical records by research staff.

The primary end point was ambulatory response rate in
patients alive at 8 weeks, which was considered a clinically
meaningful time point in this population by consensus among
the clinical investigators. Ambulatory status was assessed on
a 4-point scale, consistent with the World Health Organiza-
tion performance status, based on the validated Medical Re-
search Council muscle power criteria,'?in which 1 indicates am-
bulatory without the use of walking aids and grade 5 of 5 muscle
power in all muscle groups; 2, ambulatory with assistance of
walking aids or grade 4 of 5 muscle power in any muscle group;
3, unable to walk with no worse than grade 2 of 5 power in all
muscle groups or grade 2 of 5 power in any muscle group; and
4, absence (0/5 muscle power) or flicker (1/5 muscle power) of
motor power in any muscle group. The ambulatory response
rate was defined as the percentage of patients who achieved
ambulatory status grade 1 or 2 at 8 weeks (which could be a
result of an improvement from a grade 3 or 4 or maintenance
of grade 1 or 2 from baseline) using a window of 49 to 62 days.
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A secondary end point was ambulatory status assessed at
1,4, and 12 weeks after randomization (ie, between 7-13, 21-34,
and 70-97 days). Other prespecified secondary end points were
(1) time to loss of ambulation among patients with ambulatory
status 1or 2 at baseline, measured from randomization until the
first occurrence of grade 3 or 4 ambulatory status (those who
did not lose ambulation were censored at their last assessment
date); (2) time to recovery of ambulation among patients with
ambulatory status 3 or 4 at baseline, measured from random-
ization until the first reported status of grade 1 or 2 (those with-
outimprovement were censored at their last assessment date);
(3) overall survival at 12 weeks and 12 months and hazard ratio
(HR) measured from randomization to death from any cause,
with patients censored at the last date seen alive; (4) adverse
events classified according to the Common Terminology Crite-
ria for Adverse Events: Version 4; (5) adverse events of special
interest, which were abnormal bladder function, defined as sig-
nificant urinary incontinence or urinary retention requiring cath-
eterization, or abnormal bowel function, defined as the occur-
rence of constipation, diarrhea, or incontinence at 1, 4, 8, and
12 weeks; (6) additional therapies after randomization, which
included treatments for spinal canal compression (chemo-
therapy, hormone therapy, radiotherapy, and surgery) and sup-
portive care for spinal canal compression (analgesics, antiemet-
ics, corticosteroids, physiotherapy, and bisphosphonates); and
(7) patient-reported quality of life, including pain (an impor-
tant measure in spinal canal compression and specifically re-
ferred to in guidelines), assessed at baseline and week 1, 4, 8,
and 12 using the European Organization for Research and Treat-
ment of Cancer (EORTC) Quality of Life Questionnaire-Core
Questionnaire (QLQ-C30).1* Each quality of life scale ranges from
0 to 100, with higher scores for global health status and func-
tional scales reflecting better performance, but worse perfor-
mance for symptom scales. Prespecified secondary end points
not reported in this article included place and duration of care.
We collected the drug names and doses of the steroids and an-
algesics used as supportive care therapies, and how these
changed from baseline to during follow-up, and these were also
not analyzed for this article.

Deterioration-free survival was the only post hoc end point,
measured among patients who had ambulatory status grade 1
or 2 at baseline until they worsened to grade 3 or 4 during the
trial or died, whichever occurred first. Patients whose ambu-
latory status did not deteriorate to grade 3 or 4 and did not die
were censored at the date last seen alive.

Statistical Analysis

Sample Size

The primary trial objective was to show that ambulatory re-
sponse rate using a single 8-Gy fraction of radiotherapy was
noninferior to a total of 20 Gy of radiotherapy over 5 consecu-
tive days (1 fraction per day) at 8 weeks. Assuming an ambu-
latory response rate (grade 1 or 2) of 75% of participants in both
groups and a noninferiority margin of -11% (defined by con-
sensus among the investigators, approved by the grant funder
and the funder’s external reviewers, and similar to or less than
noninferiority margins used in other trials),'*"® the trial re-
quired 386 patients (193 per group) assessable at 8 weeks with
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80% power and 1-sided 5% statistical significance. The sample
size was inflated to 580 allowing for 33% of participants to die
before 8 weeks and later increased to 700 by the indepen-
dent data monitoring committee because of a higher than an-
ticipated death rate. Investigators remained blinded to the out-
comes throughout the study.

Data Analysis

The primary analysis was based on eligible patients who re-
ceived their randomly assigned treatment and were assessed at
8 weeks. The 8-week ambulatory response rate was compared
between groups using the difference in proportions test. A post
hoc per-protocol analysis of the primary outcome was done in-
cluding only patients who received and completed radio-
therapy as randomized (Figure 1). A post hoc analysis (logistic
regression) of the primary outcome involved adjustment by the
randomization factors (baseline ambulatory status, primary tu-
mor, and extent of metastases). Logistic regression was also used
to evaluate whether the effect of treatment at 8 weeks varied
across subgroups with interaction tests. In this analysis, only
baseline ambulatory status, primary tumor type, and extent of
metastases were prespecified. Ambulatory response was ex-
amined among patients who were alive beyond 48 weeks (long-
term survivors) in a post hoc analysis.

To evaluate the effect of missing data on the primary analy-
sis, several post hoc sensitivity analyses were performed by
(1) extending the definition of the 8-week window from 49 to
62 days to 49 to 69 days by imputing data of patients with a
missing assessment at week 8 but with assessments at 1, 4, and
12 weeks; (2) assuming missing data as positive or negative re-
sponses; and (3) performing multiple imputation using logis-
tic regression.!”® Details and assumptions used in these sen-
sitivity analyses are outlined in eTable 4 in Supplement 3.

Other post hoc sensitivity analyses were completed. To
evaluate the effect of center (one of the stratification factors),
the ambulatory response risk difference CIs were derived from
alogistic regression with specified standard errors allowing for
intrahospital correlation (clustered sandwich estimator), and
to evaluate the effect of individuals who died on the ambula-
tory response risk difference, we made various assumptions:
all assumed to be nonresponders, all assumed to be respond-
ers, half were assumed to be responders, or the same re-
sponse rate was assumed as observed in each group.

Post hoc analyses were performed for the primary end
point, overall survival, and impaired bladder and bowel func-
tion to address concerns associated with the sensitivity of the
bladder to radiation. Patients were classified in the following
categories in terms of the location of their spinal cord com-
pression: treatment exclusively directed at the spinal cord
(C1to T12), treatment exclusively directed at the cauda equina
(L1to S2), and treatment directed at both the spinal cord and
the cauda equina (T6 to L5).

The analysis of time-to-event outcomes was done using the
Kaplan-Meier method and Cox regression. These time-to-
event analyses included time to loss of ambulation, time to
recovery of ambulation, and overall survival. Stratified Cox
regression (stratification factors were center, ambulatory sta-
tus, primary tumor, and presence or absence of nonskeletal
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Figure 1. Flow of Participants in a Study of the Effect of Single-Fraction vs Multifraction Radiotherapy on Ambulatory Status Among Patients

With Spinal Canal Compression From Metastatic Cancer (SCORAD Trial)

5552 Patients assessed for eligibility

|

p

(694 Randomized

345 Patients randomized to the single-fraction group ‘ ‘

349 Patients randomized to the multifraction group

8 Not eligible to undergo radiotherapy

3 Did not have cancer or spinal canal
compression at randomization

2 Had myeloma

1 Spinal canal compression site treated
previously with radiotherapy

1 No treatment field planning

1 Two radiotherapy treatment fields

344 Patients received radiotherapy
337 Received radiotherapy according
to protocol
7 Received radiotherapy not according

to protocol

5 Received 20 Gy of radiotherapy
in 5 fractions

1 Clinician choice

1 Received nonprotocol radiotherapy
treatment

1 Patient did not receive radiotherapy

339 Patients received radiotherapy

2 Patients had unknown status of whether they

318 Received radiotherapy according
to protocol
21 Received radiotherapy not according

to protocol

10 Clinical deterioration
3 Died
3 Patient choice
3 Treatment duration more than 8 d
1 Received nonprotocol radiotherapy

treatment

1 Administrative error

received radiotherapy

}

179 Patients did not complete
the 8-wk assessment
130 Died
46 Not assessed
3 Lost to follow-up

165 Patients did not complete
the 8-wk assessment
125 Died
34 Not assessed
6 Lost to follow-up

)

}

166 Patients included in the intention-to-treat analysis

164 Patients included in the per-protocol analysis
2 Patients not included in the per-protocol analysis

176 Patients included in the intention-to-treat analysis

173 Patients included in the per-protocol analysis
3 Patients not included in the per-protocol analysis

received 20 Gy of radiotherapy in 5 fractions

1 Treatment delay
1 Treatment field change
1 Withdrew

Atotal of 635 patients (93%) started radiotherapy on the day of randomization and all but 1 patient started radiotherapy within 24 hours of randomization.

metastases) was carried out and the proportional hazards as-
sumption was tested based on Schoenfeld residuals.

Bowel and bladder function were analyzed using logistic
regression. Quality of life assessment scale results, including
pain scale results, were analyzed using linear regression and
mixed modeling. When SCORAD was designed, there were no
recommended or clinically relevant noninferiority margins for
the EORTC quality of life measures. A prespecified margin of
0.28 was crudely estimated as what would be a statistically sig-
nificant difference (at a 1-sided 2.5% level of statistical signifi-
cance) given a trial of 400 patients.

Post hoc analyses also were conducted to confirm the find-
ings from a large trial of patients with any bone metastases who
received single-fraction radiotherapy,'® in which individuals with
ambulatory status grade 1 or 2 had improved quality of life com-
pared with individuals with ambulatory status grade 3 or 4.

jama.com

All comparative effect sizes are for single-fraction vs mul-
tifraction radiotherapy. The CIs are 1-sided for the risk differ-
ence for ambulatory response and are 2-sided for all other
analyses. Noninferiority Pvalues are 1-sided and all other P val-

ues are 2-sided. There was no formal statistical adjustment of

Pvalues for having multiple secondary outcomes, and there-
fore these results should be considered exploratory. Data analy-
ses were performed using STATA version 15.1 (StataCorp).

. |
Results

A total of 694 patients were randomized from 42 UK and 5
Australian sites from February 2008 to April 2016, of whom
686 were eligible for inclusion (Figure 1). Baseline character-
istics in the total population were balanced (Table 1; eTable 1
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Table 1. Baseline Characteristics of Participants in a Study of the Effect
of Single-Fraction vs Multifraction Radiotherapy on Ambulatory Status
Among Patients With Spinal Canal Compression From Metastatic Cancer

No. (%)

Multifraction
Radiotherapy Group

Single-Fraction
Radiotherapy Group

Characteristic (n = 345) (n=341)
Age
Median (range), y 70 (23-96) 70 (33-95)
275y 106 (31) 119 (35)
Sex
Men 255(74) 248 (73)
Women 90 (26) 93 (27)
Site of primary cancer
Prostate 152 (44) 152 (45)
Lung 66 (19) 66 (19)
Breast 39(11) 40 (12)
Gastrointestinal 35(10) 38(11)
Kidney 11 (3) 12 (4)
Skin 9(3) 6(2)
Bladder 7(2) 4(1)
Other (ie, gynecologic, 26 (8) 23(7)
head and neck, sarcoma,
unspecified)
Nonskeletal 159 (46) 156 (46)
metastases
No. of spinal ct_)rd
compression sites
Single 303 (88) 311(91)
Multiple 42(12) 30(9)
Location of spinal
metastases
Thoracic 232 (67) 230(67)
Lumbar 72(21) 65 (19)
Thoracic and lumbar 17 (5) 16 (5)
Sacrum (S1 and S2) 9(3) 6(2)
Cervical vertebrae 7() 10 (3)
Cervical and thoracic 5(1) 8(2)
Lumbar and sacrum 3(1) 4(1)
Not reported 0 2(1)
WHO performance (n=343) (n=337)
status®
0-1 (Best) 97 (28) 94 (28)
2 88 (26) 81(24)
3 114 (33) 121 (36)
4 (Worst) 44 (13) 41(12)
Ambulatory status
Grade 1 (ambulatory 76 (22) 77 (23)
without the use
of walking aids)
Grade 2 (ambulatory 152 (44) 146 (43)
with walking aids)
Grade 3 91 (26) 90 (26)
(unable to walk)
Grade 4 (absence 26 (8) 28 (8)
or flicker of motor power
in any muscle group)
(continued)

JAMA December 3,2019 Volume 322, Number 21

Table 1. Baseline Characteristics of Participants in a Study of the Effect
of Single-Fraction vs Multifraction Radiotherapy on Ambulatory Status
Among Patients With Spinal Canal Compression From Metastatic Cancer
(continued)

No. (%)

Single-Fraction
Radiotherapy Group

Multifraction
Radiotherapy Group

Characteristic (n = 345) (n = 341)
Treatment at baseline (n=344) (n=341)
None 156 (45) 141 (41)
Hormone therapy 96 (28) 97 (28)
within 4 weeks
of randomization
Radiotherapy 36 (10) 39(11)
within 6 mo
of randomization
Chemotherapy 20 (6) 32(9)
within 4 weeks
of randomization
Combination 36 (10) 32(9)
of the above
treatments

2 WHO performance status of O indicates able to carry out all normal activity
without restriction; 1, restricted in strenuous activity but ambulatory and able
to carry out light work; 2, ambulatory and capable of all self-care but unable to
carry out any work activities and are up and about for greater than 50% of
waking hours; 3, symptomatic and in a chair or in bed for greater than 50% of
the day but not bedridden; and 4, completely disabled, cannot carry out any
self-care, and totally confined to bed or chair.

in Supplement 3) (median [interquartile range] age, 70 [64-
771 years; 503 (73%) men; 304 (44%) had prostate cancer).
Thoracic spine only (462 of 686 patients [67%]) and lumbar
spine only (137 of 686 patients [20%]) were the most com-
mon compression sites, and only 4% of compressions in-
volved the cervical spine. Baseline characteristics among pa-
tients who were evaluated at 8 weeks were also well balanced
(eTable 2 in Supplement 3). Of the 344 patients who were not
evaluated at 8 weeks, 255 (74.1%) died before or during the
8-week assessment and the other 89 (25.9%) only had assess-
ments before or after 8 weeks (eTable 3 in Supplement 3). The
date of final follow-up was September 8, 2017.

Primary End Point

The primary end point (8-week ambulatory response rate) was
available for 342 of 686 (49.9%) patients, and was not signifi-
cantly different between groups (Table 2). At week 8, ambu-
latory status grade 1 or 2 was achieved by 115 of 166 patients
(69.3%) in the single-fraction group vs 128 of 176 (72.7%) in the
multifraction group (difference, -3.5% [1-sided 95% CI, -11.5%
to «o]; P value for noninferiority = .06; Table 2 and Figure 2).
In the per-protocol analysis, the 8-week ambulatory re-
sponse rate was 114 of 164 patients (69.5%) in the single-
fraction group and 127 0f 173 (73.4%) in the multifraction group
(difference, -3.9% [1-sided 95% CI, -12.0% to «]; P value for
noninferiority = .07). Post hoc results adjusted for the ran-
domization stratification factors are shown in eTable 4 in
Supplement 3.

Prespecified Secondary Outcomes
The differences in ambulatory response rate between the
single-fraction and multifraction groups were -0.4% (63.9%
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Table 2. Ambulatory Response Rate at 8 Weeks of Participants in a Study of the Effect of Single-Fraction
vs Multifraction Radiotherapy on Ambulatory Status Among Patients With Spinal Canal Compression

From Metastatic Cancer

No. (%)
Single-Fraction Multifraction Absolute
Group Group Difference 1-Sided P Value
Outcome (n = 345) (n =341) (1-Sided 95% ClI)? for Noninferiority 21.Sided 95% Cl is reported because
8-Week outcome known (n = 166) (n=176) the noninferiority hypothesis is
Ambulatory status 1-2 115 (69.3) 128 (72.7) -3.45(-11.5t0) .06 basedon-sided a = .05.
Single-fraction radiotherapy is not
No change iE baseline status 103 (62.1) 110 (62.5) coriidered noninferior topy
(grade 1-2) ) ) ) .
. multifraction radiotherapy if the
Improved from baseline 12(7.2) 18(10.2) lower bound ofthe1-sid2§ 95% Clis
3-4to1-2
( _) - less than -11%.
No change in baseline status 22 (13.3) 26 (14.8) . o
(3-4)° b patients with either grade 1or 2 at
Worsened from baseline 29 (17.5) 22 (12.5) baseline who rem.am atgradelor2
(1-2 to 3-4) at 8 weeks (a patient whose status
8-Week outcome unknown*® (n=179) (n=165) chapged fr_om 1to2 or vice versa) or
patients with grade 3 to 4 who
Died before week 8 130 125 remain at 3to 4.
8-Week assessment 49 40

not available®

¢ See eTable 3 in Supplement 3 for
more information.

Figure 2. Ambulatory Status of Participants in a Study of the Effect of Single-Fraction vs Multifraction Radiotherapy on Ambulatory Status

Among Patients With Spinal Canal Compression From Metastatic Cancer

Single-Fraction Group Multifraction Group

Patients With Patients With
Ambulatory Ambulatory
No. of Status Grade No. of Status Grade % Difference 1-Sided P Value

Follow-up, wk Patients 1-2, No. (%) Patients 1-2, No. (%) (1-Sided 95% CI) for Noninferiority
1 294 188 (63.9) 300 193 (64.3) -0.4(-6.9 to ») | .004
4 214 143 (66.8) 225 152 (67.6) -0.7 (-8.1to ) i & .01
8 166 115 (69.3) 176 128(72.7) -3.5(-11.5to =) : & .06
12 142 102 (71.8) 158 107 (67.7) 4.1(-4.6to») i o .002

-15  -10 -5 0 5 10 15
% Difference (1-Sided 95% Cl)

If the lower boundary of any 1-sided 95% Cl is lower than -11% (blue dotted line), single-fraction radiotherapy would not be considered noninferior

to multifraction radiotherapy.

Vs 64.3%; [1-sided 95% CI, -6.9% to «]; P value for noninferi-
ority = .004) at 1 week, -0.7% (66.8% vs 67.6%; [1-sided 95%
CI, -8.1to «]; P value for noninferiority = .01) at 4 weeks, and
4.1% (71.8% Vs 67.7%; [1-sided 95% CI, —4.6 to «]; P value for
noninferiority = .002) at 12 weeks (Figure 2 and eFigure 1in
Supplement 3).

The difference in 8-week ambulatory response rate did
not vary across subgroups, including patients who had good
or poor WHO performance status at baseline (all interaction
P values were not statistically significant P > .05) (eFigure 2
in Supplement 3).

Among patients with ambulatory status 1 or 2 at base-
line, there was no statistically significant difference in the
time to loss of ambulation between the single-fraction and
multifraction group (HR, 1.22 [95% CI, 0.88-1.71]; P = .24;
eFigure 3 in Supplement 3). The 8-week loss of ambulation
rate was 28% (95% CI, 22%-35%) for the single-fraction
group and 23% (95% CI, 17%-29%) for the multifraction
group. Among patients with ambulatory status 3 or 4 at
baseline, there was also no evidence of a statistically signifi-
cant between-group difference for time to recovery of
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ambulation (HR, 1.15 [95% CI, 0.71-1.85]; P = .58; eFigure 4
in Supplement 3). The 8-week recovery of ambulation rate
was 41% (95% CI, 31%-53%) in the single-fraction group and
36% (95% CI, 26%-49%) in the multifraction group.

Rates of any additional treatment for cancer within 12
months were not significantly different between the single-
fraction and multifraction group (104 of 345 patients [30.1%]
in the single-fraction group vs 110 of 341 [32.3%] in the mul-
tifraction group; risk difference, -2.1% [95% CI, -9.0% t0 4.8%];
P = .55). The additional treatments included chemotherapy in
41 of 345 patients (11.9%) in the single-fraction group vs 47 of
341(13.8%) in the multifraction group (difference, -1.9% [95%
CI, -6.9% t0 3.1%]; P = .46), hormone therapy in 44 of 345 pa-
tients (12.8%) in the single-fraction group vs 45 of 341 (13.2%)
in the multifraction group (difference, -0.4% [95% CI, -5.5%
to 4.6%]; P = .86), radiotherapy in 43 of 345 patients (12.5%)
in the single-fraction group vs 34 of 341 (10.0%) in the multi-
fraction group (difference, 2.5% [95% CI, -2.2% to 7.2%];
P = .30), and surgical procedure in 7 of 345 patients (2.0%) in
the single-fraction group vs 4 of 341 (1.2%) in the multifrac-
tion group (difference, 0.9% [95% CI, -1.0% to 2.7%]; P = .37).
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Figure 3. Overall Survival of Participants in a Study of the Effect of Single-Fraction vs Multifraction
Radiotherapy on Ambulatory Status Among Patients With Spinal Canal Compression From Metastatic Cancer

The median (interquartile range
[IQR]) survival time was 12.4 (4.6 to
41.0) weeks in the single-fraction
group and 13.6 (5.9-40.9) weeks in
the multifraction group. The median
(IQR) observation time was 13.7
(12.0-52.7) weeks in the
single-fraction group and 12.9 (12 to
48.7) weeks in the multifraction
group. The hazard ratio (HR) was

100
\ HR (unadjusted), 1.02 (95% Cl, 0.86-1.21); P=.80
HR (stratified), 1.02 (95% Cl, 0.74-1.41); P=.91
80
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No. at risk
Multifractiongroup 341 247 173 105 94 79 67 57
Single-fractiongroup 345 233 160 111 91 81 72 61
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Weeks After Randomization
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stratified on baseline ambulatory
status, primary tumor, extension of
metastases, and hospital. Shared
frailty Cox model HR with hospital as
arandom effect, 1.02 ([95% Cl,
0.86-1.21]; P=.85).

The date when supportive care therapies started was col-
lected for 604 patients. The rate of postrandomization sup-
portive care therapies was not significantly different be-
tween the single-fraction and multifraction group (210 of 304
patients [69.1%] vs 225 of 300 [75%]; risk difference, -5.9%
[95% CI, -13.1% t0 1.2%]; P = .11). Supportive care therapiesin-
cluded analgesics in 146 of 304 patients (48.0%) in the single-
fraction group vs 153 of 300 (51%) in the multifraction group
(difference, -3.0% [95% CI, -10.9% to 5.0%]; P = .47), anti-
emeticsin 52 of 304 patients (17.1%) in the single-fraction group
vs 49 of 300 (16.3%) in the multifraction group (difference,
0.8% [95% CI, -5.2% t0 6.7%]; P = .80); corticosteroids in 110
of 304 patients (36.2%) in the single-fraction group vs 116 of
300 (38.7%) in the multifraction group (difference, -2.5% [95%
CI, -10.2% t0 5.2%]; P = .53), physiotherapy in 76 of 304 pa-
tients (25%) in the single-fraction group vs 97 of 300 (32.3%)
in the multifraction group (difference, -7.3% [95% CI, -14.5%
to -0.1%]; P = .046), and bisphosphonates in 14 of 304 pa-
tients (4.6%) in the single-fraction group vs 11 of 300 (3.7%)
in the multifraction group (difference, 0.9% [95% CI, -2.2%
to 4.1%]; P = .56).

At week 8, the standardized mean differences in the EORTC
QLQ-C30 domains (single-fraction scores minus multifrac-
tion scores) adjusted for the baseline values were —0.13 ([1-sided
97.5% CI, -0.38 to «]; P value for noninferiority = .12) for global
health, -0.12 ([1-sided 97.5% CI, -0.35 to «]; P value for non-
inferiority = .09) for physical functioning, and -0.18 ([1-sided
97.5% CI, —0.41 to »]; P value for noninferiority = .19) for emo-
tional functioning. Noninferiority was not met using the pre-
specified margin of —0.28 for the lower limit. Pain improved
from baseline in both groups after starting radiotherapy. Pain
scores were not significantly different between the single-
fraction and multifraction groups at each time point (eFig-
ure 5 in Supplement 3), with a standardized mean difference
of 0.12 at week 8 ([1-sided 97.5% CI, « to 0.38]; P value for non-
inferiority = .11), but noninferiority was not met because the
upper limit exceeded the prespecified margin of 0.28.
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The median (interquartile range) follow-up was 13.3 (12-50)
weeks and the median overall survival was 13.1 weeks, with a
total of 529 deaths at the end of follow-up on September 8, 2017
(84.3% were cancer-related deaths; eTable 5 in Supple-
ment 3). The median (interquartile range) survival time was
12.4 (4.6-41.0) weeks in the single-fraction group vs 13.6
(5.9-40.9) weeks in the multifraction group.

The survival rate was 50% (95% CI, 45%-55%) at 12 weeks
and 21% (95% CI, 16%-26%) at 12 months for the single frac-
tion group and 55% (95% CI, 49%-60%) at 12 weeks and 18%
(95% CI, 13%-23%) at 12 months for the multifraction group.
There was no statistically significant difference in survival be-
tween the groups (stratified HR, 1.02 [95% CI, 0.74-1.41]; P = .91;
Figure 3). The proportionality hazards assumption was met
(P = .35). Also, overall survival was not significantly different
across subgroups analyzed (eFigure 6 in Supplement 3).

Adverse Events
The percentage of patients with grade 3 or 4 adverse events
was 20.6% in the single-fraction group vs 20.5% in the mul-
tifraction group, and the percentages were similar between the
groups for each of the adverse events (eTable 6 in Supple-
ment 3). Therates of grade 1 or 2 radiation reactions were 11.6%
in the single-fraction group vs 19.4% in the multifraction group,
and fatigue was reported by 48.7% of patients in the single-
fraction group vs 55.4% in the multifraction group.
Impaired bladder function occurred in 42% of patients in
the single-fraction group and 34% in the multifraction group
(cumulative risk difference, 7.3% [95% CI, -14.8% to 0.2%];
eTable 7in Supplement 3). At 8 weeks, 47 of 151 patients (31.1%)
in the single-fraction group vs 34 of 166 (20.0%) in the mul-
tifraction group experienced abnormal bladder function (risk
difference, 10.6% [95% CI, 1.0%-20.2%]; unadjusted odds ra-
tio [OR], 1.75 [95% CI, 1.05-2.92]; P = .03) (adjusted OR, 1.78
[95% CI, 0.93-3.39]; P = .08; adjusted for bladder function at
baseline, sex, age, baseline ambulatory status, primary tu-
mor, number of spinal canal compression sites, and the extent
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of metastases at baseline). Impaired bowel function rates were
not significantly different between the groups at any time point,
and at week 8 the rates were 59 of 151 patients (39%) in the
single-fraction group and 61 of 166 (37%) in the multifraction
group, with a risk difference of 2.3% (95% CI, -8.4 t0 13.0) and
unadjusted OR of 1.10 ([95% CI, 0.70-1.74]; P = .67).

Post Hoc Analyses

Across several sensitivity analyses for the primary end point,
including multiple imputation, the point estimate for the am-
bulatory response rate was not significantly different. The dif-
ferences ranged from -1.50 to -5.80 in the intention-to-treat
population and -2.10 to -5.60 in the per-protocol population
(eTable 4 in Supplement 3). The risk difference was -3.45
(1-sided 95% CI, -10.3% to «) when estimated from logistic re-
gression with standard errors allowing for intrahospital cor-
relation (eTable 4 in Supplement 3).

The primary analysis excluded patients who died before
8 weeks. However, assuming those patients survived to 8 weeks
and all were nonresponders, then the response rate was 39%
in the single-fraction group and 43% in the multifraction group
(risk difference, -3.7% [1-sided 95% CI, —10.3 to «]; P value for
noninferiority = .03). Assuming that 50% of the patients who
died could have been responders had they survived, the dif-
ference was -2.3% ([1-sided 95% CI, -8.9% to «]; P value for
noninferiority = .01), and assuming that the patients who died
would have had the same response rate as observed in each
group, the difference was -3.5% ([1-sided 95% CI, —9.6% to «];
P value for noninferiority = .02).

Deterioration-free survival was not statistically signifi-
cantly different between the groups (HR, 0.99 [95% CI, 0.80-
1.22]; P = .93; eFigure 7 in Supplement 3).

Among the subgroup of patients who were alive after 48
weeks (n = 77), the baseline characteristics were not signifi-
cantly different between the groups (eTable 8 in Supple-
ment 3). The 8-week ambulatory response rates were 94.9%
in the single-fraction group vs 89.5% in the multifraction group
(risk difference, 5.4% [1-sided 95% CI, -6.6 to «]). After ad-
justing for baseline characteristics (ambulatory status, the ex-
tent of metastases, and primary tumor type), the risk differ-
ence was 0.7% (1-sided 95% CI, —=10.0 to ).

Atotal of 232 patients (108 in the single-fraction group and
124 in the multifraction group) received treatment exclu-
sively to the spinal cord, defined as C1 to T12, and 88 patients
(47 in the single-fraction group and 41 in the multifraction
group) received treatment to the cauda equina, defined as L1
to S2. Twenty patients (11 in the single-fraction group and 9
in the multifraction group) received treatment to both the spi-
nal cord and the cauda equina (T6 to L5). There was no statis-
tically significant between-group difference in ambulatory re-
sponse rate in the treatment location subgroups, although
observed ambulatory response rates for patients whose treat-
ment was directed at the cauda equina were 76.6% in the single-
fraction group and 85.4% in the multifraction group (differ-
ence, -8.8 [95% CI, -25.0% to 7.5%]; P = .30; P value for
interaction = 0.65; eTable 9in Supplement 3). The risk of blad-
der symptoms in patients receiving radiotherapy to the cauda
equina was 34% in the single-dose group vs 10% in the mul-

jama.com

Original Investigation Research

tifraction group (OR, 4.53 [95% CI, 1.4-15.1); P = .014; P value
forinteraction = 0.15). No significant difference was found in
overall median survival between sites of treatment (13 weeks
for C1-T12, 16 weeks for L1-L5, and 13 weeks for T6-L5) or be-
tween single-fraction and multifraction groups in each cat-
egory of spinal canal compression site (P value for interac-
tion = .68).

Patients who were ambulatory responders at 4 or 8 weeks
had better quality of life than nonresponders (eTable 10 in
Supplement 3).'° For the single-fraction group, the mean dif-
ference in scores at 4 weeks, adjusted for baseline scores, be-
tween ambulant versus nonambulant patients was 15.2 (95%
ClI, 7.5-22.9) for global health, 29.6 (95% CI, 20.9-38.4) for physi-
cal functioning, 25.6 (95% CI, 15.2-36.0) for role functioning,
and 16.0 (95% CI, 5.3-26.7) for social functioning (all P values
<.004). Similar differences in scores were seen in patients in
the multifraction radiotherapy group.

|
Discussion

In this international noninferiority trial involving patients with
metastatic spinal canal compression, treatment with single-
fraction radiotherapy, compared with multifraction radio-
therapy, did not meet the criterion for noninferiority for achiev-
ing ambulatory response status grade 1 or 2 at 8 weeks. The
lower bound of the CI (-11.5%) overlapped the noninferiority
margin of -11%.

However, for all other time points, the CI limits were
within the noninferiority margin, and the observed risk dif-
ferences between single-fraction and multifraction radio-
therapy groups in ambulatory status were small and unlikely
to be of clinical importance.

This trial evaluated 15 prespecified secondary end points:
ambulatory status at 1, 4, and 12 weeks; loss of ambulation; am-
bulatory recovery; additional treatment; supportive care; qual-
ity of life (global, physical, emotional, and pain dimensions);
grade 3 or 4 adverse events; bladder and bowel functioning;
and overall survival. None of these outcomes were signifi-
cantly different between treatment groups.

The EORTC QLQ-C30 outcomes also did not meet the pre-
specified noninferiority margins (0.28), but this margin had
no scientific basis when the trial was designed, and it lacked
external validity. However, the EORTC later published bound-
aries of what values constitute a small clinical standardized
mean difference (-0.4 for global health, -0.6 for physical func-
tioning, and 0.5 for pain), which can now be used as indepen-
dently derived noninferiority margins.2°

Only 2 other randomized studies have compared
single-fraction radiotherapy with multifraction radiotherapy
specifically for managing spinal canal compression, and both
were small trials. One single-center 3-group randomized
trial from Egypt with 285 patients compared single-fraction ra-
diotherapy with 10 or 20 fractions of radiotherapy, but was
not designed for noninferiority.® The other study was de-
signed for noninferiority and compared single-fraction radio-
therapy with 5 fractions of radiotherapy, but failed to reach its
target accrual.'*'>2! Two trials have shown noninferiority of
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short-course radiotherapy; 1 trial compared 8 Gy of radio-
therapy in 1 fraction with nonstandard 16 Gy of radiotherapy
in 2 fractions'® and the other compared 16 Gy in 2 fractions vs
30 Gy in 8 fractions with a split-course schedule.*!

The median survival time of 3 months in the current trial
is similar to that observed in other studies, specifically stud-
ies examining spinal canal compression,®1°:1>16:21in contrast
to the median survival time for individuals with any bone me-
tastases of 7 to 9 months. The findings of the current trial are
consistent with observational studies of spinal canal
compression”!41®:2! and the ICORG-05-03 trial,'*'> in which
79% of patients who received single-fraction radiotherapy
achieved mobility compared with 68% who received multi-
fraction radiotherapy, but with only 38 patients per group.
Among longer-surviving patients, mobility was not signifi-
cantly different between patients who received single-
fraction or multifraction radiotherapy, which is consistent with
studies of any bone metastases®?22 and in contrast to the pro-
posal that such patients should receive multiple fractions of
radiotherapy.?* However, this subgroup was defined using a
clinical outcome occurring after randomization, so the re-
sults should be interpreted with care.

Use of single-fraction radiotherapy, specifically for
patients with spinal canal compression, was low in 2010
(<18% of clinicians reported using it in an international sur-
vey; 8%-11% of US and Canadian clinicians and 17% of
European clinicians), which is unlikely to be much higher
now.2> A 2013 US study of Surveillance, Epidemiology, and
End Results (SEER) Program data and Medicare claims
showed a much lower treatment cost per patient for single-
fraction radiotherapy ($1873) than for multifraction radio-
therapy ($4967) for management of bone metastases from
prostate cancer.?®

Single-fraction radiotherapy has benefits both in terms of
patient convenience and reduced costs. In a patient popula-
tion that has a median survival time of less than 6 months,
the opportunity to reduce treatment burden is particularly
relevant for patients who have to make multiple hospital vis-
its and pay for travel or hotel costs. Radiotherapy access is
often limited, so reducing the number of fractions allows bet-
ter allocation of resources.?’2° Patients and their caregivers
sometimes have to travel significant distances to their near-
est radiotherapy center, and travel can be a barrier to radio-
therapy adherence.>%:3!

A greater percentage of patients in this study had bladder
problems in the single-fraction group than the multifraction
group, but this largely occurred when radiotherapy was given
for cauda equina compression, which is likely due to its close
proximity to the bladder (bladder and bowel function are
regulated by the sacral nerves within the cauda equina). The
test for interaction between treatment and location of spinal
cord compression and their effect on bladder impairment
was not statistically significant, but the trial lacked statistical
power for subgroup analyses. Taking into account that
patients with metastases in the distal spine or cauda equina
receiving single-fraction vs multifraction radiation may have
higher rates of bladder toxicity, 5 fractions may be preferred
for this subgroup.
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Limitations

This study has several limitations. First, ambulatory status
was assessed either in the clinic or by telephone when
patients were unable or unwilling to attend in-person visits.
This approach was intended to minimize missing data and
categorized mobility based on a 4-point scale. However, no
information about which mode was used to ascertain ambu-
latory status was recorded and it is conceivable that reporting
bias influenced assessment of the primary outcome. Second,
a substantial percentage of patients died before the 8-week
point, with only half of the randomized patients available for
the primary end point assessment at 8 weeks, despite an
expected survival of greater than 8 weeks being an inclusion
criterion. This higher than expected death rate may have led
to a slight reduction in study power. However, this early
death rate was similar to the rate in other spinal canal com-
pression trials.'®?! Furthermore, the observed ambulatory
response rate (73%) matched the expected rate for the target
patient population (75%), so trial participants included in the
analysis at 8 weeks are unlikely to be a biased subgroup with
regard to the primary end point. Although the death rate was
high, there was no significant difference in the secondary
outcomes of ambulatory status at either 1 or 4 weeks after
randomization, when the majority of patients were still alive.
Third, only 12% of patients had breast cancer, suggesting
some potential selection bias, with younger patients who had
better prognosis being more likely referred for surgery?* or
longer fractionation schedules instead of this trial; hence, the
generalizability of these findings is limited for these patients.
Subgroup analysis by tumor type showed no clear evidence
that the treatment effect differed significantly between
tumor type, although these analyses were not sufficiently
powered. No other overt selection criteria were apparent,
with 66% of the population being physically mobile at pre-
sentation and WHO performance status 1 or 2. Fourth, the
assessments of bladder and bowel function were dichoto-
mized as “normal” and “abnormal,” instead of having a finer
grading to indicate severity, and they were not blinded. Fifth,
the multifraction group chosen reflects standard practice in
the United Kingdom and several other countries, although in
the United States and some European countries 30 Gy of
radiotherapy in 10 fractions is more often used.* However, a
clinical trial that compared 20 Gy of radiotherapy in 5 frac-
tions with 30 Gy in 10 fractions found no significant differ-
ence between them in terms of overall motor response at 1, 3,
and 6 months and in overall survivall.??33

. |
Conclusions

Among patients with metastatic solid tumors causing spinal
canal compression, treatment with a single radiotherapy frac-
tion, compared with multifraction radiotherapy delivered over
5days, did not meet the criterion for noninferiority for the pri-
mary outcome of being ambulatory at 8 weeks. However, the
extent to which the lower bound of the CI overlapped with the
noninferiority margin should be taken into account when in-
terpreting the clinical importance of these findings.
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SCORAD lll Protocol Final Version 4.0, 03 March 2013

1.0 SCORAD lll trial summary

SCORAD llI: A randomised phase lll trial of single fraction radiotherapy compared to
multifraction radiotherapy in patients with metastatic spinal cord compression.

Sponsor: University College London: UCL/09/0199 ISRCTN: ISRCTN97108008
Funder: Cancer Research UK: CRUK/06/034 Design: A multicentre, randomised phase il trial.
Overall aim:

To show that ambulatory status using 8Gy in 1 fraction is no worse than with 20Gy in 5 fractions for patients with
metastatic spinal cord compression (SCC).

Primary endpoint:
. Ambulatory status at 8 weeks from day 1 of freatment compared to randomisation

Secondary endpoints:
. Recovery of and time to ambulation

. Ambulatory status at 1, 4 and 12 weeks compared to randomisation (where available)
. Maintenance of ambulatory status
. Bladder and bowel function at 1, 4, 8 and 12 weeks from day 1 of treatment compared to randomisation
. Adverse events using RTOG and CTCAE v.4.02 at 1, 4, 8 and 12 weeks from day 1 of freatment
. Quality of life measured using the EORTC QLQ-C30 questionnaire at 1, 4, 8 and 12 weeks from day 1 of
freatment compared to randomisation
. Further treatment and SCC retreatment up to 12 months after randomisation
. Duration of care in hospital, hospice, nursing home or home
. Preferred place of care
. Overall survival at 12 weeks and 12 months
Target accrual: 580 patients
Eligibilities:

Inclusion criteria:

. Decision to tfreat made no more than 48 hours prior to freatment of spinal cord or cauda equina (C1 to §2)
compression, based on a full spinal MRI or CT scan confirming compression carried out no more than one
week prior to treatment.

Single site of compression or multiple sites that can be treated within a single radiation treatment field
Histologically or cytologically confirmed malignant disease, or for prostate tumours a serum

PSA >100 ng/ml at any point prior to randomisation (if biopsy done or planned but resulfs not yet
available patients may be entered provided all other inclusion and exclusion criteria are met.

Biopsy results must be submitted on the relevant CRF page as soon as they are available)

Life expectancy >8 weeks

Age =18 years

Able to give written informed consent

Wiling and able to complete assessment forms

Exclusion criteria:
. Patients for whom surgery or chemotherapy treatment is more appropriate
. Patients who are known to be pregnant
. Patients with mulfiple myeloma, lymphoma, leukaemia or glioma
. Patients undergoing purely prophylactic treatment in the absence of radiological spinal cord or cauda
equina compression
. Patients whose spinal compression site has been treated previously with radiotherapy

Planned sites: ~50

Target Countries:  United Kingdom, Australia and New Zealand

Treatment summary:
Arm 1:  Mulfiple fraction radiotherapy 20Gy/5f
Arm 2:  Single fraction radiotherapy 8Gy/1f

Anticipated duration of recruitment: 4 Years

Duration of patient follow up: 12 months

Definition of frial end:
12 months post randomisation of last patient or the death of the last surviving patient, whichever event occurs first
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1.1 Trial schema

Patient presents with metastatic
spinal cord compression

Eligibility confirmed

Arm 1:
Multifraction

radiotherapy
20Gy/5#

Patient consents

Baseline data

Randomise

* Arm 2:

Single fraction
radiotherapy
8Gy/1#

Followup at 1,4, 8
and 12 weeks

Patient off study at
12 months or death
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2.0 Introduction

2.1 Background

Spinal cord compression (SCC) is a common complication of metastatic cancer
affecting around 4,000 patients in the UK annually, and is a major cause of
morbidity resulting in pain, loss of mobility and of sphincter control.  Whilst
chemotherapy and surgery may be considered, for the vast majority of patients
the treatment of choice is radiotherapy, the aim of which is to preserve or recover
neurological function and prevent further progression of symptoms. Current
common practice is to use between 20 and 30Gy in 5 to 10 fractions although
many patients with poor performance status are treated with single doses of 8 to
10Gy. There is no standard fractionation schedule. Since the life expectancy of
these patients is short (4 to 6 months), any prolonged treatment must be justified by
randomised clinical trial based evidence. The aim of this trial is to determine
whether single fraction radiotherapy is as effective as multifraction radiotherapy in
terms of ambulatory status, function, quality of life, adverse events and survival in
patients with SCC. Patients admitted to hospital for SCC and for whom
radiotherapy is recommended will be randomised to either multifraction or single
fraction radiotherapy. Patients will be assessed at 1, 4, 8 and 12 weeks after

freatment.

The majority of SCC cases arise due to either extradural compression or invasion of
the spinal cord by metastases from an adjacent vertebral body. The physiology of
spinal cord and cauda equina damage is thought to relate initially to venous
obstruction and oedema rather than direct physical pressure causing the initial
symptoms! (direct pressure causing neuropraxia, axonal fracture or arterial
occlusion causing infarction are generally thought to be irrecoverable). It is
therefore entirely conceivable that minimal tumour shrinkage allowing restoration
of venous drainage and a period of growth delay for a matter of months is
adequate treatment for the majority of patients with metastatic spinal cord

compression.
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The standard treatment after histological and radiological confirmation of SCC is
radiotherapy. Exceptions are patients with non-Hodgkin's lymphoma or germ cell
tumours where primary chemotherapy may be appropriate, and those cases
where there is gross spinal instability that requires surgery. New evidence suggests
that those with a localised block and no metastatic disease elsewhere may also

benefit from initial surgical decompression?.

Nevertheless for the vast majority of patients the ftreatment of choice s
radiotherapy, and standard radiotherapy techniques employ a direct posterior
field and a treatment volume defined by the site of compression and a margin of
one to two vertebral bodies above and below this. In the past myelography was
used to define the site of block but magnetic resonance imaging (MRI) is now the

investigation of choice giving optimum definition of the extent of spinal disease.

Studies comparing multiple fractions

Currently, there is no standard fractionation schedule for treating SCC. Common
practice in the UK is to use between 20 and 30Gy in 5 to 10 fractions. Prolonged
schedules delivering 45Gy in 4.5 weeks have been described but there is no
evidence of an advantage to these higher dose schedules3. A retrospective
nonrandomised comparison of 30Gy in 10 fractions with 37.5Gy in 15 fractions and
40Gy in 20 fractions revealed no difference in functional outcome between the
three groups4. The only randomised frial compared 16Gy in 2 fractions with a split
course freatment of 15Gy in 3 fractions followed after an interval by 15Gy in 5
fractionss. The results of this reported 72% of patients able to walk after treatment
with no difference between the two radiation dose arms, however, neither of

these radiotherapy doses would be considered standard.

Evidence for single fractions
A single fraction of 8 to 10Gy will achieve substantial tumour cell kill, which is
illustrated by the very small proportion of cells remaining after only 2Gy (SF2).

Typical values from human cell lines relevant to this population are 0.30 for breast
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cancer and 0.18 for squamous lung canceré. Such doses may therefore be entirely

compatible with effective freatment.

In other palliative situations hypofractionation has proven to be as effective as the

more traditional lengthy fractionated schedules: in particular for bone pain’,

palliation of non-small cell lung canceré and cerebral metastases?.

There are six published series in which single fractions of radiation have been used

to treat spinal cord compression:

Researchers from the Christie Hospital'® reported a series of 100 consecutive
patients freated with radiotherapy alone and 25 who received
postoperative irradiation following laminectomy. Of these, 104 received
single fractions of 12.5 to 15Gy, 10 received single fractions of 5 fo 10Gy and
11 received a fractionated schedule. In the 100 patients treated with
radiotherapy alone, 8 out of 9 ambulatory patients retained mobility, 14 out
of 25 non-ambulatory patients were subsequently able to walk and 7 out of
66 paraplegic patients improved, 6 becoming ambulatory. As in other series
the only significant factor predicting a good outcome in these patients was
pretreatment neurological status.

A smaller series of patients!! freated with a single fraction of 10Gy reported
an overall improvement in motor function in 15 out of 24 patients.

A more recent series of 102 patients found no difference in outcome
between the 32% who received single fraction radiotherapy compared to
the remainder of the cohort who received fractionated treatment despite
better performance status in this latter group'2. Overall 71% were ambulant
at 2 months after treatment. These figures compare with those published in
a review of radiotherapy in spinal cord compression in which 79% of
ambulant patients retained function, and 42% of those presenting with
paraparesis became ambulant!s,

A further series of 199 patients freated with 8Gy in a single fraction reported
that mobility was regained in 26% of non-ambulatory patients, and only 17%

deteriorated; results were compared to a multifraction series'4.
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e A retrospective analysis of 204 patients treated with either a single dose of
8Gy or 30Gy in 10 fractions showed no significant differences between the
schedules for motor function or ambulatory status!s.

e A pooled analysis from four European countries including one from the UK
analysed data from 1,304 patients receiving one of five radiation schedules:
8Gy single dose, 20Gy in 5 fractions, 30Gy in 10 fractions, 37.5Gy in 15
fractions and 40Gy in 20 fractions. This concluded that all five schedules

produced similar functional outcometé.

An ltalian group has also recently presented a further trial of 8Gy in a single
fraction vs. 16Gy in 2 fractions in 96 patients with poor performance status
reporting a 76% ambulation rate after radiotherapy with no difference between
the two arms at a median follow up of 6 months!’7, but this does not really address
the question of whether single is as good as more standard multifractionated

regimens.

The recently published UK NICE guidelines!8 highlighted the poor quality evidence
currently available for radiotherapy schedules in SCC as follows: ‘given the low
quality of case series studies conclusions are limited about the effectiveness of
different radiotherapy regimens’. It went on to conclude ‘Radiotherapy may be
delivered as a single treatment or a number of consecutive smaller treatments
(fractionation).  For patients with  MSCC current clinical practice is to give
fractionated radiotherapy, generally in five or ten fractions, especially for patients
after surgery and for those with good prognostic factors, for whom the duration of
tumour response may be important. The use of short fractionation regimens is the
subject of continuing research’. In its summary conclusions it stated: ‘Further
research should investigate what are the most clinically and cost effective
regimens of radiotherapy to freat patients with established MSCC'. These exfracts
highlight the recognition by NICE that research is urgently needed to define
optimal radiotherapy fractionation in SCC. This will be addressed by SCORAD Ill.
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Three systematic reviews have been carried out in this field more recently!?. 20. 21,
Loblaw concluded ‘there are very few papers of high methodological quality in
the literature. More studies are needed to satisfy the validity of many of the
clinical decisions that are made today with regard to the management of
malignant spinal cord compression’. At 2009, there are currently no RCTs listed on
the International Cancer Research Portfolio (ICRP) website. The Cochrane Review,
updated in 2008, again highlights the paucity of data available: only six RCTs
addressing radiotherapy, surgery and steroid use were identified, none considering
radiotherapy fractionation. The authors conclude: ‘Limited evidence suggests
that short courses of radiotherapy suffice in patients with unfavourable histologies
or a predicted survival of less than six months. There are no RCTs to draw
conclusions regarding the optimal radiotherapy dose in good prognostic patients.’

and recommends that ‘Adequately powered, multinational RCTs are needed’.

Risk of myelopathy

There is extensive literature on the use of single fractions of 8 or 10Gy for
uncomplicated spinal metastases, none of which has identified a detectable risk
of myelopathy. A retrospective analysis of 465 patients treated for spinal cord
compression identified only one possible case of myelopathy in a patient receiving
16Gy in 2 fractions, becoming symptomatic 19 months after inifial presentation?2,
In addition the estimated risk of radiation myelopathy from palliative radiotherapy
for non small cell lung cancer was calculated using over 1,000 patients taking part
in a series of MRC trials23. These patients will have had similar doses of radiotherapy
to the spinal cord. Only five patients were reported as having radiation
myelopathy, two who had received 17Gy/2f and three who had 39Gy/13f, but
none in patients who received 10Gy/1f. The overall cumulative risk was estimated
as 0.8% at year 1 and 1.5% at year 2. Thus the risk of radiation myelopathy appears
negligible.

The life expectancy of these patients is short (4 to 6 months) and so any prolonged
tfreatment must be clearly justified by randomised clinical trial based evidence.

There is no evidence to suggest that single fraction radiotherapy for spinal cord
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compression would be disadvantageous. |If it is proven to be equivalent to
multifraction radiotherapy, this would enable a major change in clinical practice
with advantages both for the patient in terms of treatment duration and hospital

stay, and with obvious socioeconomic advantages.
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2.2 Proposed trial

The objectives are to evaluate multifraction radiotherapy against single fraction
radiotherapy in terms of ambulatory status, bladder and bowel function, quality of
life, further freatment, adverse events and survival. The trial will be a multicentre,
randomised (1:1) phase Il trial.

The patients will be randomised to receive either Arm 1: 20Gy over 5 fractions, or

Arm 2: 8Gy in a single fraction.

2.2.1 Primary endpoint
e Ambulatory status at 8 weeks from day 1 of freatment compared to
randomisation.
2.2.2 Secondary endpoints
e Recovery of and time to ambulation

e Ambulatory status at 1, 4 and 12 weeks compared to randomisation (where
available)

e Maintenance of ambulatory status

e Bladder and bowel function at 1, 4, 8 and 12 weeks from day 1 of freatment
compared to randomisation

e Adverse events using the Radiation Therapy Oncology Group (RTOG) Acute
Radiation Morbidity Scoring Criteria and Common Terminology Criteria for
Adverse Events (CTCAE) v4.02 at 1, 4, 8 and 12 weeks from day 1 of
freatment

e Quality of life measured using the EORTC QLQ-C30 questionnaire at 1, 4, 8
and 12 weeks from day 1 of treatment compared to randomisation

e Further treatment and SCC retreatment up to 12 months after randomisation
e Duration of care in hospital, hospice, nursing home or home
e Preferred place of care

e Overall survival to 12 weeks and 12 months
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2.3 Trial activation

UCL CTC will ensure that all trial documentation has been reviewed and approved
by all relevant bodies and that the following have been obtained prior to
activating the trial:

e Research Ethics Committee approval

e Adoption into NIHR portfolio

e NHS permission

e Adequate funding for central coordination

e Confirmation of sponsorship

e Adequate insurance provision
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3.0 Selection of sites and site investigators
3.1 Site selection

In this protocol, trial “site” refers to the hospital where trial related activities are

conducted.
Sites must be able to comply with:

e Trial treatments, imaging, clinical care, follow up schedules and all
requirements of the frial protocol

NB: Sites can opt out of the multifraction schedule and use their own
multifraction schedule in this frial but they must notify UCL CTC of this
on the site registration form.

e UK sites: Requirements of the Research Governance Framework, 2nd Edition
2005

e Data collection requirements

Non-UK sites must be able to comply with:

e Alllocal regulations governing clinical trials in radiotherapy.
Where applicable a non-UK site should refer to their group specific appendix
for additional details.
3.1.1 Selection of Principal Investigator and other investigators at sites
Sites must have an appropriate Principal Investigator (Pl) i.e. a health care
professional authorised by the site and ethics committee (if applicable) to lead
and coordinate the work of the trial on behalf of the site. Other investigators at
site wishing to participate in the frial must be trained and approved by the PI. All
investigators must be appropriately qualified health professionals and have

experience of treating SCC.
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3.1.2 Training requirements for site staff

All site staff must be appropriately qualified by education, training and experience
to perform the trial related duties allocated to them, which must be recorded on
the site delegation log.

CVs for all staff must be kept up to date and signed and dated copies held in the
Investigator Site File (ISF). An up to date, signed copy of the CV for the Pl must be
forwarded to UCL CTC upon request.

GCP ftraining is required for all staff responsible for frial activities at UK sites. The
frequency of repeat training may be dictated by the requirements of their
employing institution, or 2 yearly where the institution has no policy, and more
frequently when there have been updates to the legal or regulatory requirements
for the conduct of clinical frials.

For non-UK sites the frequency of GCP training will be dictated by that country’s
policy on repeat fraining.

GCP training will be provided by the Country Coordinating Centre (CCC) as part

of site initiation for sites in countries where GCP fraining is not mandatory.

3.2 Site initiation and activation

3.2.1 Site initiation

Before a site is activated, the UCL CTC ftrial team will arrange a site initiation with
the site, which the Pl and site research team must attend. The site will be frained in
the day to day management of the frial and essential documentation required for
the frial will be checked.

Site inifiation will be performed for each site, by either a visit fo site or by

teleconference. .

3.2.2 Required documentation
The following documentation must be submitted to UCL CTC prior to a site being
activated by UCL CTC:

e Trial specific Site Registration Form (identifying relevant local staff)

e All relevant institutional approvals, including local Research and
Development (R&D) approval, or equivalent for non-UK sites
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For UK sites: a signed Clinical Trial Site Agreement (CTSA) between the
Sponsor and the relevant institution (usually an NHS Trust)

A completed site delegation log, signed and datfed by the PI
A copy of the PI's CV that is signed and dated
For non-UK sites:
=  Asigned International Clinical Trials Site Agreement (ICTSA).

» For countries with a Country Coordinating Centre (CCC) a signed
International Country Coordinating Centre Agreement and a signed
clinical trial agreement between the CCC and the relevant institution.

3.2.3 Site activation letter

Once the UCL CTC ftrial team has received all required documentation and the

site has been initiated, a site activation letter will be issued to the PI, at which point

the site may start to approach patients.

Once the site has been activated by UCL CTC, the Pl is responsible for ensuring:

Adherence to the most recent version of the protocol
All relevant site staff are trained in the protocol requirements
Appropriate recruitment and medical care of patients in the trial

Timely completion and return of Case Report Forms (CRFs) (including
assessment of all adverse events)

Prompt noftification and assessment of all serious adverse events

That the site has facilities to provide 24 hour medical advice for trial patients.
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4.0 Informed consent

Sites are responsible for assessing a patient’s capability to give informed consent.
Sites must ensure that all patients have been given the current version of the
patient information sheet, are fully informed about the trial and have confirmed

their willingness to take part in the trial by signing a consent form.

All efforts should be made to enter all eligible patients into the trial, however the
Site must assess a patient’s ability to understand verbal explanations and written
information in English. As patients for this trial are consented and randomised in an
emergency setting, if local interpreters are not available in the time before
approaching and treating a potential patient at the site, and whenever the
patient is contacted, and fully informed consent is not deemed possible, the

patient should not be considered for the frial.

The PI, or, where delegated by the PI, other appropriately trained site staff are
required to provide a full explanation of the trial and all relevant freatment options
to each patient prior to trial entry. During these discussions the current approved
patient information sheet for the trial should be discussed with the patient.

A minimum of 30 minutes must be allowed for the patient to consider and discuss
participation in the ftrial. Written informed consent on the current approved
version of the consent form for the trial must be obtained before any trial specific
procedures are performed. The discussion and consent process must be
documented in the patient notes.

All Site staff are responsible for:

e checking that the correct (current approved) version of the patient
information sheet and consent form are used

e checking that information on the consent form is complete and legible

e checking that the patient has completed and initialled all relevant sections
and signed and dated the form

e checking that an appropriate member of staff has countersigned and
dated the consent form to confirm that they provided information to the
patient

e checking that an appropriate member of staff has made dated entries in
the patient’'s medical notes relating to the informed consent process (i.e.
information given, consent signed etc.)
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e giving the patient a copy of their signed consent form, patient information
sheet and patient contact card

e following randomisation: adding the patient trial number to all copies of the
consent form, which should be filed in the patient’s medical notes and ISF
and, for UK patients only, sending a copy to UCL CTC

The right of the patient to refuse to participate in the trial without giving reasons
must be respected. All patients are free to withdraw at any time (also refer to

section 13.0: Withdrawal of patients).

In addition, Non-UK Sites will need to consent patients to the trial according to

local practice and regulatory and/or ethical requirements.

An Informed Consent Form Log will also be maintained and completed by site. A
copy of the informed consent log must be returned to the CCC for forwarding to
UCL CTC at the frequency detailed in the trial monitoring plan or when requested

(see also section 12.1 Central monitoring).
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5.0 Selection of patients

5.1 Pre-randomisation evaluation

The following assessments or procedures are required to evaluate the suitability of
patients for the trial or to provide baseline data:

e A full spine MRI or CT scan to confirm spinal cord compression, no more than
one week before freatment

e Assessment of ambulatory status (see appendix 2.1)
e Confirmation of bladder and bowel continence

e Patfient completion of the Quality of Life questionnaire

In addition, all patients should have histological or cytological confirmation of
malignant disease, or for prostate tumours a serum PSA of >100ng/ml at any point
prior to randomisation. However, if these results are not yet available at the time of
randomisation, but a biopsy has already been done or is planned, patients can be
recruited as long as they meet all of the inclusion and exclusion criteria (see
section 5.3 below). Sites must ensure that the biopsy results are submitted to UCL

CTC on the relevant CRF page as soon as they are available.

Any non-routine procedures must not be performed prior to informed consent

being taken.
5.2 Screeninglog

A screening log must be maintained by the site and kept in the ISF. This must
record each patient screened for the frial and must include all patients identified
with SCC together with the reasons why they were not randomised if this was the
case.

The log must be sent to UCL CTC when requested, with patient identifiers removed

prior to sending.
5.3 Pdtient eligibility

There will be no exception to the eligibility requirements at the time of

randomisation. Queries in relation to the eligibility criteria must be addressed prior
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to randomisation. Patients are eligible for the trial if the inclusion criteria are met

and none of the exclusion criteria apply.

53.1

53.3

Inclusion criteria

Decision to freat made no more than 48 hours prior to treatment of spinal
cord or cauda equina (C1 to S2) compression, based on a full spinal MRI or
CT scan confirming compression carried out no more than one week prior to
freatment

Single site of compression or multiple sites that can be treated within a single
radiation freatment field

Histologically or cytologically confirmed malignant disease, or for prostate
tumours a serum PSA >100 ng/ml at any point prior to randomisation
(if biopsy done or planned but results not yet available patients may be
entered provided all other inclusion and exclusion criteria are met. Biopsy
results must be submitted on the relevant CRF page as soon as they are
available)

Life expectancy >8 weeks
Age =18 years
Able to give written informed consent

Willing and able to complete assessment forms

Exclusion criteria

Patients for whom surgery or chemotherapy treatment is more appropriate
Patients who are known to be pregnant

Patients with multiple myeloma, lymphoma, leukaemia or glioma.

Patients undergoing purely prophylactic freatment in the absence of
radiological spinal cord or cauda equina compression

Patients whose spinal compression site has been treated previously with
radiotherapy

Pregnancy and birth control

Due to the risks of radiation damage to an unborn child, women who are known to

be pregnant are excluded from the trial. Women who could become pregnant

and men who could father a child should be advised of the risks involved, if this is

deemed appropriate by the medical team.

A woman of childbearing potential is a sexually mature woman (i.e. any female

who has experienced menstrual bleeding) who has not:
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undergone a hysterectomy or bilateral oophorectomy/salpingectomy

been postmenopausal for 24 consecutive months (i.e. who has had menses
at any fime in the preceding 24 consecutive months without an alternative

medical cause)
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6.0 Randomisation procedure

This is a randomised phase Il frial comparing single fraction radiotherapy versus

multifraction radiotherapy for metastatic spinal cord compression.

Treatment allocation is by randomisation. Patients are stratified by:
1. radiotherapy centre
2. ambulatory status at randomisation
3. type of primary tumour
4

extent of disease (presence or absence of nonskeletal metastases)

Patient randomisation is performed using a 24 hour remote internet based
randomisation programme and must be completed prior to commencement of
any trial treatment. The programme is hosted and maintained by UCL CTC, and is
accessed aft:

https://online.ctc.ucl.ac.uk

Site staff responsible for the randomisation of patients must register for access to

the programme. Details and instructions are provided by UCL CTC.

Following pre-treatment evaluations (as detailed in section 5.1), confirmation of
eligibility and consent of a patient at a site, it is recommended that the paper
randomisation form is completed fully prior to randomisation. Note that patient
initials and date of birth are required for completion of the randomisation
programme. Upon randomisation the trial number and treatment allocation are
assigned for the patient and these details appear on the randomisation
confirmation screen. The frial number and treatment allocation must be recorded
in the patient notes. For UK patients, the site must fax the patient contact form
(and if used, the randomisation form) to UCL CTC (020 7679 9871) within 48 hours of
randomisation. For UK patients, the patient’s address and NHS or CHI number must
be supplied for the patient contact form. Other than for the purposes of flagging

with the Health & Social Care Information Centre, patient name and address is not
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stored electronically at UCL CTC. Confirmation of randomisation is sent to the

randomiser by email automatically.

6.1 Alternative randomisation procedure for UK sites

During office hours UK sites may also randomise patients into the trial by telephone
through UCL CTC on 020 7679 9880. Following pre-freatment evaluations (as
detailed in section 5.1), confirmation of eligibility and consent of a patient at a site
the randomisation form must be completed fully prior to telephoning UCL CTC.
The eligibility criteria are reviewed during the randomisation telephone call using
the same form at UCL CTC.

A trial number and freatment allocation are assigned to the patient during the call

and must be recorded at site by the caller.

UCL CTC will fax confirmation of the patient’s inclusion in the trial, their trial number
and treatment allocation to the main site contact. In turn the site must ensure that
the randomisation form and patient contact details form are faxed to UCL CTC
within 48 hours of randomisation (020 7679 9871). CRFs are available for
downloading from the UCL CTC website:

http://www.ctc.ucl.ac.uk/

6.2 Alternative randomisation procedure for non-UK sites

If non-UK sites are unable to access the internet randomisation programme they
may fax a completed randomisation form to UCL CTC (on +44 (0)20 7769 9871),

who will perform the randomisation on their behalf.

Following pre-treatment evaluations (as detailed in section 5.1), confirmation of
eligibility and consent of a patient at a site the randomisation form must be fully
completed and then faxed to UCL CTC. The faxed randomisation form will be

used to confirm patient eligibility by UCL CTC.
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A trial number and treatment allocation will be assigned for the patient and details

added to the randomisation form, which will then be faxed back to the site.

Please note that if a fax is received outside UCL CTC working hours the

randomisation may not be done until the following working day.

Randomisation telephone no.: +44 (0)20 7679 9880
Randomisation fax no.: +44 (0)20 7679 9871

Randomisation programme: htips://online.ctc.ucl.ac.uk/Login.aspx

Office hours: 09:00 to 17:00 Monday to Friday
(UK time)

Once a patient has been randomised onto the trial they must be provided with
the following:
e A copy of their signed consent form and patient information sheet

e A patient contact card. Site on call contact details for out of hours medical
care must be added to this card and patients advised to carry this with
them at all fimes while participating in the trial.
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7.0 Trial treatment

Patients should be treated using MV photon therapy
within 48 hours after the decision to treat is made.
The decision to treat should be based on a full spinal MRI or CT scan
that was performed no more than 7 days prior to treatment.

Patient presents with metastatic
spinal cord compression

Eligibility confirmed
Patient consents

Baseline data

Randomise

Arm 1: Arm 2:
Multifraction Single fraction
radiotherapy radiotherapy

20Gy/5# 8Gy/1#

Follow up at 1, 4, 8
and 12 weeks

Patient off study at
12 months or death
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Arm 1. External beam multifraction radiotherapy: 20Gy/5f

Arm 2: External beam single fraction radiotherapy: 8Gy/1f

NB: Sites can opt out of the multifraction schedule and use their own
multifraction schedule in this trial but they must notify UCL CTC of
this on the site registration form.

7.1 Treatment planning

The radiotherapy field should be defined on a treatment simulator. Radiotherapy
dose should be prescribed at cord depth as measured from the MRI scan or lateral

radiograph when simulated.

7.2 Supportive care during treatment

Patients should receive appropriate supportive care as per local practice, which
may include:

e Steroids, which should be reduced to the minimum as soon as possible

e Active physiotherapy and rehabilitation to optimise the chances of mobility

e Analgesics and antfi-emetics as required

7.3 Management after treatment withdrawal

If the patient withdraws consent or treatment is stopped due to adverse events,

subsequent tfreatment will be at the discretion of the freating clinician.

Refer also to section 13.0 (Withdrawal of patients) for further details regarding
tfreatment discontinuation, patient withdrawal from trial treatment and withdrawal

of consent to data collection.

7.4 Post protocol treatment

Post protocol freatment will be at the discretion of the treating clinician.
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8.0 Assessments

8.1 Assessments for UK sites

4
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Assessment will comprise:
e asimple 4 point ambulatory scale at weeks 1, 4, 8, and 12 from day 1
of freatment compared to randomisation (see appendix 2.1)

e Dbladder and bowel function at weeks 1, 4, 8 and 12 from day 1 of
tfreatment compared to randomisation

e assessment of adverse events using the RTOG Acute Radiation
Morbidity Scoring Criteria and/or CTCAE v4.02 at weeks 1, 4, 8 and 12
from day 1 of treatment

e Further freatment for primary or SCC
e Preferred and actual places of care
e WHO performance status

e EORTC QLQ-C30 at weeks 1, 4, 8, and 12 from day 1 of treatment
compared to randomisation

At 1, 4, 8 and 12 weeks after day 1 of freatment, the site team will contact the
patient and collect data on the following:

e ambulatory status

e bladder and bowel function

e qadverse events

¢ WHO performance status

e Further freatment for primary or SCC

e Preferred and actual places of care

The EORTC QLQ-C30 will be posted to the patient, together with a prepaid
envelope, for completion at home at 1, 4, 8 and 12 weeks from day 1 of their
treatment. In the UK, this will be coordinated from UCL CTC.

If a patient fails to return the questionnaire, UCL CTC will contact the site team at
the next follow up timepoint to confirm that there is no reason why the patient has
not completed the questionnaire. If the patient agrees to continue completing
the QoL questionnaire, this will be posted from UCL CTC.

If the patient is an inpatient at the time of follow up, the site team will be

requested to ensure the patient completes the questionnaire.
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If the patient is returning home, the site team will ensure that the questionnaire is
passed on to the patient at discharge so that the questionnaire can be
completed on time.

UCL CTC must be informed if the patient no longer wishes or is unable to complete

the questionnaires.

Patients will continue to be followed as standard practice for survival data unless

the patient specifically withdraws consent for this.

Where it is known, the patient’s ambulatory status must be recorded at the follow
up time points unless the patient specifically withdraws consent for this. The data
may be collected from a surrogate source i.e. the carers where considered

appropriate or the GP or hospital/hospice records if necessary.

8.2 Assessments after completion of first 12 weeks of trial

After the inifial twelve weeks' follow up, all efforts must be made by the site to
contact the patient’s GP or use hospital patient notes to record the patient’s

ongoing freatments.

e The patient and the patient’'s carers must not be contacted after the

12 week assessment to gain this information.

At 12 months after first day of freatment, the site must submit details of retreatment
(or absence of retreatment) of SCC, together with any further treatment (or
absence thereof) to the primary cancer or other metastases on the appropriate

form.

Sites must return the death form at 12 months as well, to record whether or not the

patient remains alive at this timepoint.
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8.3 Assessments for non-UK sites
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Assessment will comprise:

e asimple 4 point ambulatory scale at weeks 1, 4, 8, and 12 from day 1
of freatment compared to randomisation (see appendix 2.1)

e bladder and bowel function at weeks 1, 4, 8 and 12 from day 1 of
tfreatment compared to randomisation

e assessment of adverse events using the RTOG Acute Radiation
Morbidity Scoring Criteria and/or CTCAE v4.02 at weeks 1, 4, 8 and 12
from day 1 of treatment

e Further treatment for primary or SCC
e Preferred and actual places of care
¢  WHO performance status

e EORTC QLQ-C30 at weeks 1, 4, 8, and 12 from day 1 of freatment
compared to randomisation

For non-UK sites with a Country Coordinating Centre (CCC) it will be the
responsibility of the CCC to coordinate the collection of trial data at each of the
assessment timepoints.

Where there is no CCC in the country, sites must submit data to UCL CTC at each

of the assessment timepoints.

At 1, 4, 8 and 12 weeks after day 1 of treatment, the site should contact the
patient and collect data on the following:

e ambulatory status

e bladder and bowel function

e adverse events

e WHO performance status

e Further treatment for primary or SCC

e Preferred and actual places of care
Patients should also complete the EORTC QLQ-C30 quality of life questionnaire at
each of these timepoints. The administration and collection of this should be
performed according to local site procedures. Detailed instructions for
assessments, administration of questionnaires and collection of data will be

provided in the ISF.
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9.0 Data management and data handling guidelines

Data will be collected from sites on version controlled case report forms (CRFs)
designed for the trial and supplied by UCL CTC. Data entered on CRFs must be
verifiable from source data at site. Source data are contained in source
documents and must be accurately franscribed on to the CRF. Examples of
source documents are hospital records which include clinical reports.

Where copies of supporting source documentation are being submitted to UCL
CTC, the patient’s trial number must be clearly indicated on all material and any
patient identifiers removed or blacked out prior to sending to maintain

confidentiality.

Please note that, for this frial, UK patients have consented to their names and
addresses being supplied to UCL CTC. This is:

o for flagging with the Health & Social Care Information Centre

e in order to send QoL forms directly fo patients

9.1 Completing case report forms

All CRFs must be completed and signed by staff who are listed on the site staff
delegation log and authorised by the Pl to perform this duty. The Pl is responsible
for the accuracy of all data reported in the CRF.

All entries must be clear, legible and written in ball point pen. Any corrections
made to a CRF at site must be made by drawing a single line through the incorrect
itfem ensuring that the previous entry is not obscured. Each correction must be
dated and initialled. Correction fluid must not be used. The use of abbreviations
and acronyms must be avoided. Once completed the original CRFs must be sent
to UCL CTC (or via the CCC for non-UK sites) and a copy kept at site.
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9.2 Missing data

To avoid the need for unnecessary data queries CRFs must be checked at site
(and CCC if applicable) to ensure there are no blank fields before sending to UCL
CTC.

¢ When data are unavailable because a measure has not been taken or test
not performed, enter “ND"” for not done.

e If an item was not required at the particular time the form relates to, enter
“NA" for not applicable.

e When data are unknown enter the value “NK” (only use if every effort has
been made to obtain the data).

9.3 Timelines for data return

For UK sites, the randomisation (if randomisation was via phone) and patient
contact forms must be faxed to UCL CTC within 48 hours of a patient being
randomised, to allow forwarding of the week 1 Quality of Life questionnaire to the
patient in good time.

UK sites must complete and submit the entry and treatment forms within one week
of the patient being seen.

For UK sites all other forms must be completed and submitted within two weeks of
the patient being assessed.

Non-UK sites with a CCC must complete and submit the randomisation form within
48 hours of randomisation to their CCC. The enfry and freatment forms must be
submitted to their CCC within one week of the patient being seen. All other forms
must be completed and submitted to the CCC within two weeks of the patient
being assessed. CCCs must forward all CRFs to UCL CTC within five business days
of receipt.

Non-UK sites without a CCC must complete and submit all CRFs to UCL CTC within

two weeks of the patient being assessed.
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9.3.1 Timelines for CRF submissions (UK sites):

Form Submission time limit (from date of event)
Randomisation form By fax, within 48 hours (phone based randomisations only)
Patient Contact form By fax, within 48 hours

Entry form 1 week

Medical history form 1 week

Treatment form (both arms) 1 week

Follow up forms 2 weeks

Adverse event forms 2 weeks

Quality of life forms 2 weeks (if inpatient)

Off study form 2 weeks

2 weeks of becoming aware of event and at 12

Retreatment form months after randomisation

2 weeks of becoming aware of event and at 12

Primary cancer therapy form months after randomisation

Serious adverse event report

24 hours of becoming aware of event
form

2 weeks of becoming aware of event or at 12

Death form months after randomisation, if patient is still alive

Sites who persistently do not return data within the required timelines may be
suspended from recruiting further patients into the trial by UCL CTC and subjected
to a ‘for cause’ monitoring visit. See section 12.2 (‘For cause’ on site monitoring)

for details.

9.4 Data queries

Data arriving at UCL CTC will be checked for legibility, completeness, accuracy
and consistency, including checks for missing or unusual values. Query reports will
be sent to the data contact at site (or CCC where applicable). Further guidance
on how data contacts should respond to data queries can be found in the query

reports.
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10.0 Safety reporting

10.1 Definitions of Adverse Events

The following definitions have been adapted from Directive 2001/20/EC, ICH E2A
“Clinical Safety Data Management: Definitions and Standards for Expedited
Reporting” and ICH GCP Eé:

Adverse Event (AE)

Any untoward medical occurrence or effect in a patient treated on a ftrial
protocol, which does not necessarily have a causal relationship with a ftrial
treatment. An AE can therefore be any unfavourable and unintended sign
(including an abnormal laboratory finding), symptom or disease temporally
associated with the use of a ftrial treatment, whether or not related to that trial

freatment.

Adverse Reaction (AR)
All untoward and unintended responses to a trial treatment related to any dose
administered. A causal relationship between the ftrial treatment and an adverse

event is at least a reasonable possibility, i.e. the relationship cannot be ruled out.

Serious Adverse Event (SAE) or Serious Adverse Reaction (SAR)
An adverse event or adverse reaction that at any dose:

e Resultsin death

e s life threatening (the term “life threatening” refers to an event in which the
subject was at risk of death at the time of the event. It does not refer to an
event that hypothetically might have caused death if it were more severe)

e Requires inpatient hospitalisation or prolongs existing hospitalisation
e Results in persistent or significant disability/incapacity
e |s a congenital anomaly or birth defect

e |s otherwise medically significant (e.g. important medical events that may
not be immediately life threatening or result in death or hospitalisation but
may jeopardise the patient or may require intervention to prevent one of
the other outcomes listed above)
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Suspected Unexpected Serious Adverse Reaction (SUSAR)

A serious adverse reaction, the nature or severity of which is not consistent with the

applicable trial treatment information.
10.2 Reporting procedures

10.2.1 All Adverse Events (AEs)

All adverse events that occur between informed consent and 12 weeks post
randomisation must be recorded in the patient notes and the trial CRFs. Those
meeting the definition of a Serious Adverse Event (SAE) must also be reported to
UCL CTC using the ftrial specific SAE Report. Also refer to section 10.2.2 (Serious
Adverse Events (SAEs)).

Pre-existing condifions do not qualify as adverse events unless they worsen.

These however should be recorded on the Medical History Form in the CRFs.

Overdoses

All accidental or intentional overdoses, whether or not they result in adverse
events, must be recorded in the patient notes and CRFs. Overdoses resulting in an
adverse event are classified as SAEs and must be reported to UCL CTC according
to SAE reporting procedures. The fact that an overdose has occurred must be
clearly stated on the SAE Report. Also refer to section 10.2.2 (Serious Adverse
Events (SAEs)).

Sites must inform UCL CTC immediately when an overdose has been identified.

Also refer to section 11.0 (Incident reporting).

Adverse Event term
An adverse event term must be provided for each adverse event, preferably using
the term listed in the RTOG Acute Radiation Morbidity Scoring Criteria or Common

Terminology Criteria for Adverse Events (CTCAE) v4.02 available online at:

http://www.rtog.org/ResearchAssociates/AdverseEventReporting/AcuteRadiationMorbidityScoringCriteria.aspx

http://evs.nci.nih.gov/ftp1/CTCAE/Archive/CTCAE 4.02 2009-09-15 QuickReference 8.5x11.pdf
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Severity

Severity of each adverse event must be determined by using the RTOG Acute
Radiation Morbidity Scoring Criteria and CTCAE v4.02 as a guideline, wherever

possible. These criteria are available online at:

http://www.rtog.org/ResearchAssociates/AdverseEventReporting/AcuteRadiationMorbidityScoringCriteria.aspx

http://evs.nci.nih.gov/ftp1/CTCAE/Archive/CTCAE 4.02 2009-09-15 QuickReference 8.5x11.pdf

In those cases where the RTOG Acute Radiation Morbidity Scoring Criteria or

CTCAE v4.02 do not apply, severity should be coded according to the following

criteria:
1 =Mild (awareness of a sign or symptom, but easily tolerated)
_ (discomfort enough to cause interference with normall
2 = Moderate . L
daily activities)
3 =Severe (inability to perform normal daily activities)
4 = lLife threatening  (immediate risk of death from the reaction as it occurred)
5 = Fatal (the event resulted in death)
Causality

The PI, or other delegated site investigator, must perform an evaluation of causality
for each adverse event.

Causal relationship to each frial freatment must be determined as follows:

e None
There is no evidence of any causal relationship.
¢ Unlikely

There is little evidence to suggest a causal relationship (e.g. because the
event did not occur within a reasonable fime after administration of a trial
tfreatment). There is another reasonable explanation of the event (e.g. the
patient’s clinical condition, other concomitant treatments).

e Possibly
There is some evidence to suggest a causal relationship (e.g. because the
event occurs within a reasonable time after administration of a frial
treatment). However, the influence of other factors may have conftributed
to the event (e.g. the patient’s clinical condition, other concomitant
treatments).

e Probably
There is evidence to suggest a causal relationship and the influence of other
factors is unlikely.

¢ Definitely
There is clear evidence to suggest a causal relationship and other possible
confributing factors can be ruled out.
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UCL CTC will consider events evaluated as possibly, probably or definitely related

tfo be adverse reactions.

10.2.2 Serious Adverse Events (SAEs)

All SAEs that occur between informed consent and 12 weeks post randomisation
(or after this date if the site investigator feels the event is related to the ftrial
treatment) must be submitted to UCL CTC by fax within 24 hours of observing or
learning of the event, using the frial specific SAE Report. All sections on the SAE
Report must be completed. If the event is not being reported within 24 hours to
UCL CTC, the circumstances that led to this must be detailed in the SAE Report to

avoid unnecessary queries.

Exemptions from SAE Report Submission
For this trial, the following events are exempt from requiring submission on an SAE
Report, but must be recorded in the relevant section(s) of the frial CRFs:

e events that occur after 12 weeks post randomisation that are not
considered to be side effects of the trial freatment

e disease progression (including disease related deaths)

Please note that hospitalisation for elective treatment

or palliative care does not qualify as an SAE.

Completed SAE Reports must be faxed
within 24 hours of becoming aware
of the event to UCL CTC

Fax: +44 (0)20 7679 9871

Page 40 of 68




SCORAD lll Protocol Final Version 4.0, 03 March 2013

Adverse Event reporting flowchart

Adverse event

!

Assign severity grade

|

Investigator to assess causality
Is the event causally related to
the trial treatment?

|

Criteria:
Results in death
Is life threatening

Was the event serious?

Results in persistent or significant disability/incapacity
Requires inpatient hospitalisation or prolongs existing hospitalisation
Results in a congenital anomaly or birth defect
Is otherwise medically significant

l
l

Event exempt from requiring
submission on an SAE Report?
(as stated in protocol)

Complete SAE Report

|

Fax Report to UCL CTC within
24 hours of becoming
aware of the event

A 4

Complete CRF
(to be submitted at time
point stated in protocol)
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SAE follow up reports
All SAEs must be followed up until resolution and until there are no further queries.
The PI, or other delegated site investigator, must provide follow up SAE Reports if

the SAE had not resolved at the time the initial report was submitted.

SAE processing at UCL CTC

On receipt of the SAE Report, UCL CTC will check for legibility, completeness,
accuracy and consistency. Expectedness will be evaluated, to determine
whether or not the case qualifies for expedited reporting, using the list of expected
adverse events for radiotherapy to the spine in protocol appendix 3.

The CI, or their delegate (e.g. a clinical member of the TMG), may be contacted
to review the SAE and to perform an evaluation of causality on behalf of UCL CTC.
If UCL CTC has considered expectedness difficult to determine, the ClI, or their

delegate, will be consulted for their opinion at this time.

10.3 SUSARs

If the event is evaluated as a Suspected Unexpected Serious Adverse Reaction
(SUSAR), UCL CTC will submit a report to the UK REC within 15 calendar days and to
CCCs/CLSs for forwarding to their ethics committee(s) within the timeframe
required in that country. UCL CTC will ensure that consideration is given where the
reporting deadline occurs at a weekend to allow reporting within the required
timeframe. Where there are conflicting evaluations of causal relationship by the
sife and UCL CTC/CI, both opinions will be reported.

Informing sites of SUSARs

UCL CTC will inform all UK PIs of any SUSARs that occur on the trial. Pls will receive a
quarterly line listing which must be processed according to local requirements.

For participating countries outside the UK, UCL CTC will submit reports to CCCs for
forwarding to the Pls in their country within one business day. Where there is no
CCC, UCL CTC will submit SUSAR reports directly to sites in that country.
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10.4 Safety monitoring

UCL CTC will provide safety information to the TMG and the IDMC on a periodic
basis for review.
Trial safety data will be monitored to identify:
e new adverse reactions to the trial freatment regimen or any frial treatment;
o frial related events that are not considered related to the frial freatment
regimen.
Should UCL CTC identify or suspect any issues concerning patient safety at any

point throughout the trial, the Cl or TMG will be consulted for their opinion.

10.5 Pregnancy

If a female patient or the female partner of a male patient becomes pregnant at
any point during the trial, a completed trial specific Pregnancy Report must be
submitted to UCL CTC by fax within 24 hours of learning of its occurrence. Consent
to report information regarding the pregnancy must be obtained from the
pregnant patient/partner. The ftrial specific pregnancy monitoring information
sheets and informed consent forms for trial patients and the partners of frial

patients must be used for this purpose.

All pregnancies must be reported by faxing a completed
Pregnancy Report within 24 hours of becoming aware of the
pregnancy to UCL CTC
Fax: +44 (0) 20 7679 9871

Pregnancy follow up reports

All pregnancies must be followed up until an outcome is determined. Follow up
Pregnancy Reports must be submitted to UCL CTC by fax within 24 hours of
learning of the outcome. Reports must include an evaluation of the possible

relationship of the trial freatment to the pregnancy outcome.

Page 43 of 68




SCORAD Il Protocol Final Version 4.0, 03 March 2013

SAEs during pregnancy
Any SAE occurring in a pregnant patient must be reported using the trial specific
SAE Report, according to SAE reporting procedures. Refer to section 10.2.2

(Serious Adverse Events (SAEs)) for details.

Pregnancy Report processing at the UCL CTC
The UCL CTC will submit a Report to the UK REC, CCCs and CLSs should the
pregnancy outcome meet the definition of a SUSAR. Refer to section 10.3 (SUSARS)

for details.
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11.0 Incident reporting

Organisations must notify UCL CTC of all deviations from the protocol or Good
Clinical Practice (GCP) immediately. UCL CTC may require a report on the
incident(s) and a form will be provided if the organisation does not have an

appropriate document (e.g. Trust Incident Form for UK sites).

If site staff are unsure whether a certain occurrence constitutes a deviation from
the protocol or GCP, the UCL CTC frial feam can be contacted immediately to

discuss.

Where the incident has occurred in a site outside the UK, the CCC/CLS in that
counfry must also noftify the relevant ethics committee according to local
requirements. Where UCL CTC identifies an incident at a site outside the UK, the

CCC/CLS in the country where the incident occurred will be informed.

UCL CTC will use an organisation’s history of non compliance to make decisions on

future collaborations.
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12.0 Trial monitoring and oversight

UK participating sites and Pls must agree to allow ftrial related on site monitoring,
Sponsor audits and regulatory inspections by providing direct access to source
data/documents as required. Patients are informed of this in the patient
information sheet and are asked to consent to their medical notes being reviewed

by appropriate individuals on the consent form.

UCL CTC will determine the appropriate level and nature of monitoring required for
the ftrial. Risk will be assessed on an ongoing basis and adjustments made

accordingly.

In addition, monitoring of non UK sites will be performed in accordance with the

regulatory requirements of each country.

12.1 Central monitoring

All Sites will be required to submit screening logs and staff delegation logs to the
UCL CTC (or their CCC) at the frequency detailed in the trial monitoring plan or on
request and these will be checked for consistency and completeness. Also refer

to sections 3.2.2 (Required documentation) and 5.2 (Screening log).

In the UK a copy of the consent form for each patient must also be submitted to
UCL CTC. These will be checked for completeness and accuracy i.e. the correct
version of the form has been used, patient initials in every box, patient name and
signature on the form, patient personally completed date of signing and the
person taking consent has signed and dated and is listed on the delegation log as
authorised to perform this duty. Also refer to section 4.0 (Informed consent).

Non-UK sites will be required to maintain a log of all patient informed consent forms
that have been completed at site (regardless of whether the patient s
subsequently randomised to the ftrial). This log will include details of the versions of
informed consent form/patient information sheet used, patient completion of the

consent form, date of consent, the name of the person taking consent, etc. A
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copy of the ICF log must be submitted to UCL CTC at the frequency detailed in the

trial monitoring plan or on request. Also refer to section 4.0 (Informed consent).

Sites will be requested to conduct quality control checks of documentation held
within their Investigator Site Files at the frequency detailed in the frial monitoring
plan. Checklists detailing the current version and date of version controlled

documents will be provided for this purpose.

UK patients enrolled onto SCORAD Il will be flagged with the Health & Social Care

Information Centre.

Data received at UCL CTC will be subject to review in accordance with section 9.4

(Data queries).

Where central monitoring of data and/or documentation submitted by sites
indicates that a patient may have been placed at risk, the matter will be raised
urgently with site staff and escalated as appropriate (refer to sections 11.0 Incident

reporting and 12.2 ‘For cause’ on site monitoring for further details).

12.2 ‘For cause’ on site monitoring

On site monitoring visits may be scheduled at a site where there is evidence or
suspicion of non compliance with important aspect(s) of the frial protocol/GCP
requirements. Sites will be sent a letfter in advance outlining the reason(s) for the
visit.  The letter will include a list of the documents that are to be reviewed,
interviews that will be conducted, planned inspections of the facilities, who will be

performing the visit and when the visit is likely to occur.

Following a monitoring visit, the trial monitor/trial coordinator will provide a report
to the site, which will summarise the documents reviewed and a statement of
findings, deviations, deficiencies, conclusions, actions taken and actions required.
The PI at each site will be responsible for ensuring that monitoring findings are

addressed (this may be delegated to an appropriate member of staff).
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UCL CTC will assess whether it is appropriate for the site to continue participation in

the tfrial. Refer to section 11.0 (Incident reporting) for details.

12.3 Oversight Committees

12.3.1 Trial Management Group (TMG)

The Trial Management Group (TMG) will include the Chief Investigator, clinicians
and experts from relevant specialities and SCORAD Il trial staff from UCL CTC (see
page 3). The TMG will be responsible for overseeing the trial. The group will meet
reqularly and will send updates to Pls (via newsletters) and to the meetings of the

national working groups as requested.

The TMG will review substantial amendments to the protocol prior to submission to
the REC. All Pls will be kept informed of substantial amendments through their

nominated responsible individuals.

All members of the TMG must sign the SCORAD Il TMG charter and supply this to

the SCORAD Il frial coordinator at, or prior to, their first meeting.

12.3.2 Trial Steering Committee (TSC)

The role of the TSC is to provide overall supervision of the frial. The TSC will review
the recommendations of the IDMC and, on consideration of this information,
recommend any appropriate amendments/actions for the frial as necessary. The

TSC acts on behalf of the funder and Sponsor.

A TSC charter will summarise the roles and responsibilities of the TSC and each

member will be required to sign this prior to the first meeting.

12.3.3 Independent Data Monitoring Committee (IDMC)
The role of the IDMC is to provide independent advice on data and safety aspects

of the trial. Meetings of the Committee will be held periodically, or as necessary to
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address any issues. The IDMC is advisory to the TSC and can recommend

premature closure of the trial to the TSC.

An IDMC charter will summarise the roles and responsibilities of the IDMC and each

member will be required to sign this prior to the first meeting.

12.4 Role of UCL CTC

UCL CTC will be responsible for the day to day coordination and management of
the trial and will act as custodian of the data generated in the frial (on behalf of
UCL). UCL CTC is responsible for all duties relating to safety reporting which are

conducted in accordance with section 10.0 (Safety reporting).
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13.0 Withdrawal of patients

In consenting to the trial, patients are consenting to trial treatment, assessments,

follow up and data collection.

Discontinuation of trial freatment for clinical reasons
A patient may be withdrawn from ftrial treatment whenever continued
participation is no longer in the patient’s best interests, but the reasons for doing so
must be recorded. Reasons for discontfinuing freatment may include:

e Disease progression whilst on therapy

e Unacceptable toxicity

e Intercurrent illiness which prevents further treatment

e Patients withdrawing from further frial treatment

e Any alteration in the patient’s condition which justifies the discontinuation of

treatment in the site investigator’s opinion

In these cases patients remain within the ftrial for the purposes of follow up and
data analysis according to the treatment option to which they have been

dllocated.

Patient withdrawal from trial freatment

If a patient expresses their wish to withdraw from ftrial treatment, sites should
explain the importance of remaining on frial follow up, or failing this of allowing
routine follow up data to be used for trial purposes and for allowing existing
collected data to be used. If a patient gives a reason for their withdrawal, this

must be recorded.

Withdrawal of consent to data collection

If a patient explicitly states they do not wish not to contribute further data to the
trial, their decision must be respected and recorded on the Off study form in the
CRF booklet. In this event details must be recorded in the patient’s hospital
records, no further CRFs must be completed and no further data sent to UCL CTC
(or CCC for non-UK sites).
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Losses to follow up

If a patient moves from the areaq, every effort must be made for the patient to be
followed up at another participating trial site and for this new site to take over the
responsibility for the patient, or for follow up via the GP. Details of participating trial
sites can be obtained from the UCL CTC trial team who must be informed of the

transfer of care and follow up arrangements.

If a patient is lost to follow up at a site every effort must be made to contact the

patient’s GP to obtain information on the patient’s status.

UK patients who are lost to follow up will be tfracked by UCL CTC via the Health &

Social Care Information Centre.
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14.0 Trial closure

14.1 End of trial

For regulatory purposes the end of the trial will be 12 months after randomisation
of the last patient or the death of the last surviving patient, whichever event
occurs first. At this point the ‘declaration of end of trial’ form will be submitted to
the ethics committee, as required.

Following this, UCL CTC will advise sites on the procedure for closing the trial at the

site.

14.2 Archiving of trial documentation

At the end of the frial, UCL CTC will archive securely all centrally held trial related
documentation for a minimum of 5 years. Amrrangements for confidential
destruction will then be made. It is the responsibility of Pls to ensure data and all
essential documents relating to the trial are held at site for a minimum of 5 years
after the end of the frial, in accordance with national legislation and for the

maximum period of time permitted by the site.

Essential documents are those which enable both the conduct of the frial and the
quality of the data produced to be evaluated and show whether the site

complied with the principles of GCP and all applicable regulatory requirements.

UCL CTC will nofify sites when trial documentation held at sites may be archived.
All archived documents must continue to be available for inspection by

appropriate authorities upon request.

14.3 Early discontinuation of trial

The trial may be stopped before completion as an Urgent Safety Measure on the
recommendation of the TSC or IDMC (refer to sections 12.3.2 Trial Steering
Committee (TSC) and 12.3.3 Independent Data Monitoring Committee (IDMC)).
Sites will be informed in writing by UCL CTC of reasons for early closure and the

actions to be taken with regard to the freatment and follow up of patients.
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14.4 Withdrawal from trial participation by a site

Should a site choose to close to recruitment the Pl must inform UCL CTC in writing.
Follow up as per protocol must continue for all patients recruited into the trial at

that site and other responsibilities continue as per the CTSA.
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15.0 Statistics

This is a non-inferiority trial fo show that ambulatory status using 8Gy in 1 fraction is

no worse than 20Gy in 5 fractions.

15.1 Proposed sample size

Using the data from patients recruited to the feasibility stage of SCORAD, the
percentage of patients with a response was about 75%. A maximum allowable
difference of 11 percentage points is specified, i.e. using 8Gy in 1 fraction should
not have a true response rate lower than 64% (or the frue difference between the
proportion of patients who respond should not exceed -11%). A non-inferiority trial
would need 386 patients (193 per group), with 80% power and one-sided 5% level
of statistical significance)?4. About 33% of patients die before the 8 week
assessment, so allowing for this increases the target sample size to 580 patients. This

will be the minimum target.

To allow for the possibility of a lower response rate of 65% (instead of 75%) would
require a sample size of 464 patients, or 700 allowing for the 33% death rate. The
IDMC will monitor the response rate and make recommendations on continuing

recruitment past N=580, considering other factors such as feasibility and funding.

15.2 Planned analyses

At 8 weeks the response rate (i.e. those with no change in ambulatory status 1 to 2
from randomisation, or improvement) will be compared using a chi-squared test.

The risk difference (and 95% confidence interval) will be obtained.

Other categorical endpoints will be analysed in a similar way, e.g. ambulatory
status at 1, 4 and 12 weeks (where available), and bladder and bowel function.
Where endpoints have multiple timepoints, the p value could be inflated to allow
for this.
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Duration of care in home, hospital, hospice or nursing home will be compared

using the Wilcoxon test, and the median days estimated in each frial group.

Survival will be examined using Kaplan-Meier plots, and compared between the

two treatment groups using the hazard ratio and logrank test.

Quality of life will be examined using a repeated measures analysis (e.g. mixed

model).

15.3 Subgroup analyses

The difference in response rate between the two groups will be examined
according to

e Qqge

e ambulatory status at randomisation

e primary fumour type

e extent of metastases (presence or absence of nonskeletal metastases)

A formal test for interaction will be used for each of these four factors.

15.4 Interim analyses of efficacy

No formal interim analyses of efficacy are planned. These will be carried out if the
Independent Data Monitoring Committee request this as part of their assessment

of the frial.

15.5 Quality of life assessments

Assuming that quality of life measures are Normally distributed (which they
reasonably are, on either the original or logarithmic scale), a trial of 400 patients,
after allowing for a 33% death rate by 8 weeks (see section 15.1), would be
enough to detect a reasonably small/moderate maximum allowable difference of
0.28 standard deviation units (assuming non-inferiority, 80% power and one-sided

2.5% level of statistical significance).
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16.0 Ethical approvals

In conducting the Trial the Sponsor, UCL CTC and sites shall comply with all laws
and statutes, as amended from time to time, applicable to the performance of
clinical trials including, but noft limited to:

e the principles of ICH Harmonised Tripartite Guideline for Good Clinical
Practice

the Human Rights Act 1998

the Data Protection Act 1998

the Freedom of Information Act 2000

the Mental Capacity Act 2005

the Research Governance Framework for Health and Social Care, issued by
the UK Department of Health (Second Edition 2005) or the Scottish Health
Department Research Governance Framework for Health and Community
Care (Second Edition 2006)

All non-UK sites must comply with all their local laws and statutes applicable to the

performance of clinical trials.

16.1 Ethical approval

The trial will be conducted in accordance with the World Medical Association
Declaratfion of Helsinki entitled 'Ethical Principles for Medical Research Involving
Human Subjects' (1996 version) and in accordance with the terms and conditions
of the ethical approval given to the frial.

The ftrial has received a favourable opinion from the London — Camden & Islington
Research Ethics Committee (formerly North West London REC 1 and Camden &
Isington Community REC).

UCL CTC will submit Annual Progress Reports to the REC annually on the

anniversary of the date of ethical approval for the frial.

16.2 Site approvals

Evidence of approval from the Trust R&D for a ftrial site must be provided to UCL
CTC. Sites will only be activated when all necessary local approvals for the trial
have been obtained.

All non-UK sites must provide confirmation of approval of their local institution(s).
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16.3 Protocol amendments

UCL CTC will be responsible for gaining ethical approval for amendments made to
the protocol and other trial related documents. Once approved, UCL CTC will
ensure that all amended documents are distributed to sites, CLRNs and CCCs/CLSs
as appropriate.

In the UK site staff will be responsible for acknowledging receipt of documents and
for implementing all amendments.

Non-UK sites will be responsible for gaining approvals according to their local

procedures, and for providing UCL CTC with evidence of this.

16.4 Patient confidentiality and data protection

For UK sites patient identifiable data, including full name, address, date of birth
and NHS or CHI number will be required for the randomisation process and will be
provided to UCL CTC. UCL CTC will preserve patient confidentiality and will not
disclose or reproduce any information by which patients could be identified, other
than to the Health & Social Care Information Centre for flagging purposes. Data
will be stored in a secure manner and UCL CTC ftrials are registered in accordance
with the Data Protection Act 1998 with the Data Protection Officer at UCL.

CCCs will be responsible for registering the tfrial with their data protection agency if
required for that country and for ensuring that each site complies with Local Data
Protection Legislation and takes appropriate measures against unauthorised or
unlawful processing of personal data and against accidental loss or destruction of,

or damage to personal data.

Non-UK sites without a CCC will be responsible for ensuring that Local Data
Protection Legislation is complied with and for taking appropriate measures
against unauthorised or unlawful processing of personal data and against

accidental loss or destruction of, or damage to personal data.
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17.0 Sponsorship and Indemnity

Sponsor Name: University College London

Address: Joint Research Office
Gower Street
London
WCI1E 6BT

Contact: Director of Research Support
Tel: +44 (0) 20 3447 9995/2178 (unit admin)
Fax: +44 (0) 20 3447 9937

17.1 Indemnity

University College London holds insurance to cover participants for injury caused
by their participation in the clinical frial. Parficipants may be able to claim
compensation if they can prove that UCL has been negligent. However, as this
clinical trial is being carried out in a hospital, the hospital continues to have a duty
of care o the participant of the clinical frial. University College London does not
accept liability for any breach in the hospital’'s duty of care, or any negligence on
the part of hospital employees. This applies whether the hospital is an NHS Trust or
not. This does not affect the participant’s right to seek compensation via the non-
negligence route.

Participants may also be able to claim compensation for injury caused by
participation in this clinical trial without the need to prove negligence on the part
of University College London or another party. Parficipants who sustain injury and
wishing to make a claim for compensation should do so in writing in the first
instance to the Chief Investigator who will pass the claim to the Sponsor’s Insurers,
via the Sponsor’s office.

Hospitals selected to participate in this clinical trial shall provide clinical negligence
insurance cover for harm caused by their employees and a copy of the relevant
insurance policy or summary shall be provided to University College London, upon

request.
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18.0 Funding

Cancer Research UK is supporting the central coordination of the trial through UCL
CTC.
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19.0 Publication policy

All publications and presentations relating to the trial must be authorised by the
TMG. The first publication of the trial results will be in the name of the TMG, if this
does not conflict with the journal’s policy. The TMG will form the basis of the writing
committee and advise on the nature of publications. If there are named authors,
these should include the Chief Investigator, Trial Coordinators and Stafisticians
involved in the ftrial. Confributing site investigators in this trial will also be
acknowledged. Data from all sites will be analysed together and published as
soon as possible. Participating sites must not publish trial results prior to the first
publication by the TMG or without prior written consent from the TMG. The frial
data is owned by UCL CTC. The ISRCTN number (ISRCTN97108008) allocated to this

trial must be quoted in any publications resulting from this trial.
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Appendix 1:

#

AE

AR
CCcC
Cl

CLS
CRF
CT
CTAAC
CTCAE
CTRad
DPA

EORTC QLQ-C30

GCP

Gy

Gy/f or Gy/#
f

ICH GCP
ICRP
ICTSA
IDMC
IRAS

ISF
ISRCTN
MRC CTU
MRI
MSCC
NCRI
NCRN
NHS
NICE
NIHR
ng/mL
NRES

oS

Pl

PSA

Pt

QoL
R&D
RCT

REC
RTOG
SAE

SF2

SSI

SCC
SUSAR
TMF
™G
TSC

UCL

UCL CTC

Abbreviations

Fraction (radiotherapy dosage)

Adverse Event

Adverse Reaction

Country Coordinating Centre

Chief Investigator

Country Lead Site

Case Report Form

Computerised Tomography

Clinical Trials Advisory & Awards Committee

National Cancer Institute Common Terminology Criteria for Adverse Events

the NCRI Clinical and Translational Radiotherapy Research Working Group

Data Protection Act

European Organization for Research and Treatment of Cancer Quality of Life
Questionnaire C30 - item core quality of life questionnaire

ICH Harmonised Tripartite Guideline for Good Clinical Practice

Gray, Sl unit for radiation dosage, energy absorbed per unit mass (joules/kg).

Grays per fraction

Fraction (radiotherapy dosage)

International Conference of Harmonisation-Good Clinical Practice

International Cancer Research Portfolio

International Clinical Trials Site Agreement

Independent Data Monitoring Committee

Integrated Research Application System

Investigator site file

International Standard Randomised Conftrolled Trial Number

Medical Research Council Clinical Trials Unit

Magnetic resonance imaging

Metastatic spinal cord compression

National Cancer Research Institute

National Cancer Research Network

UK National Health Service

National Institute for Clinical Excellence

UK National Institute for Health Research

Nanogram per millilitre

National Research Ethics Service

Overall Survival

Principal Investigator

Prostate specific antigen

Patient

Quality of life

Research and development

Randomised conftrolled frial

Research Ethics Committee

Radiation Therapy Oncology Group

Serious Adverse Event

Single fraction of 2Gy

Site Specific Information

Spinal Cord Compression

Suspected Unexpected Serious Adverse Reaction

Trial Master File

Trial Management Group

Trial Steering Committee

University College London

CR UK and UCL Cancer Trials Centre
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Appendix 2: Definition of secondary endpoints

Ambulatory status definitions:
Neurologic assessment will be performed and categorised as:

Category | Definition

Ambulatory without the use of walking aids

! and grade 5/5 power in all muscle groups

Ambulatory with assistance of walking aids or
grade 4/5 power in any muscle group

Unable to ambulate with no worse than grade
3 2/5 power in all muscle groups; or grade 2/5
power in any muscle group

Absence (0/5) or flicker (1/5) of motor power
in any muscle group

4

. Ambulatory status:

¢ Recovery of and time to ambulation: Recovery of ambulation is defined as
the movement from either Grade 3 or 4 at randomisation to either Grade
1 or Grade 2 at subsequent time points.
e A change from Grade 2 to Grade 1 must also be reported.

¢ Maintenance of ambulatory status: This is defined as the maintenance of
an ambulatory score of Grade 1 or 2.

. Bladder function:

e Dichotomised into normal and abnormal (defined as significant urinary
incontinence or urinary retention requiring catheterisation).

. Bowel function:

e Dichotomised info normal and abnormal (either constipation or
diarrhoea/incontinence).

. Adverse events:

e Assessed using the RTOG Acute Radiation Morbidity Scoring Criteria and
CTCAE v4.02.

. Quality of life:
e Measured using the EORTC QLQ-C30 guestionnaire.

. Further treatment and retreatment:

e Surgery, radiotherapy, hormone and chemotherapy.

. Overall survival:

e Patient NHS numbers will be flagged with the Health & Social Care
Information Centre for survival data. Where site becomes aware of event
deaths are to be reported to CTC for the 12 months following
randomisation.

. Total number of days spent in hospital/hospice/nursing home/home:
e Following admission with spinal cord compression.

. Preferred place of care:
e This will be an open question.
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Appendix 2.1: Ambulatory status scale question sequence

SCORAD lll:
Ambulatory Status Scale

Are you able to walk?

Do you need an aid
to help you walk?
(stick, frame,
furniture or person)

Are you able to lift
your legs off the
bed?

Is the strength in
your muscles
normal?

Can you move
your legs at all?
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Appendix 3: Expected adverse events

Certain AEs are expected for radiotherapy?s 2. The following AEs are commonly
associated with the trial treatment regimen and will be considered expected.

General side effects of radiotherapy include:

e Fatigue
e Anorexia or reduced appetite
e Erythema in the irradiated field

Side effects following radiotherapy to the spine and pelvis include:

e mucositis in oesophagus, bladder, bowel or rectum, resulting in:
¢ Transient sore throat
¢ Dysphagia/oesophagitis/discomfort on swallowing from treatment
to the cervical and dorsal spine
e Diarrhoea from treatment to the dorsolumbar spine
¢ Nausea from freatment to the dorsolumbar spine
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Appendix 4:

Protocol version history

Protocol: Amendments:
Version Amendment Protocol . . .
Date N Summary of approval date and main changes from previous version
no. number section no
1.0 18/09/09 n/a n/a Approved 3 November 2009
Initial submission to REC
1.1 24/11/09 1 (administrative) n/a Approved 3 December 2009
Administrative changes only
2.0 09/09/11 2 Approved 02/11/2011

Trial Summary:
Section 2:
Section 3:
Section 4:
Section &:
Section é:
Section 7:
Section 8:
Section 9:

Section 10:

Section 11:
Section 12:
Section 13:
Section 14:

Section 15:
Section 16:
Section 17:
Section 18:
Section 19:
Section 20:
Appendix 1:
Appendix 2:
Appendix 3:

Advice on use of protocol

MRC randomisation programme address

Update of Secondary endpoints, eligibility criteria and end of trial definition and ff.

Update of Trial activation

Update of Selection of site investigators, training requirements for site staff, site initiation and activation

Update of Informed consent

Update of Selection of patients, screening log, pregnancy and randomisation sections

Update of Randomisation procedure, Alternative procedures for UK sites, Alternative procedures for non UK sites
Addition of Management after freatment withdrawal

Update of Assessments, UK Assessment flowchart, Assessment for UK sites, Non UK Assessment flowchart

Update of Data management guidelines, completing CRFs, Timelines for data return and submissions moved to 9.4 and
data queries to 9.5

Safety reporting moved from section 11, administrative changes, addition of overdose section, SAE processing at UCL CTC
and to safety monitoring, update to pregnancy section. Deletion of Expectedness section.

Addition of Incident reporting section

Addition of monitoring sections, oversight committees moved to section 12 from section 10, update to Role of UCL CTC.
Withdrawal of patients moved from section 12 to section 13, withdrawal of consent updated.

Trial closure moved from section 13 to section 14, updated Early discontinuation and withdrawal from trial participation by
site

Statistical considerations moved from section 14 to section 15.

Ethical and Regulatory approvals updated

Sponsorship and indemnity moved from section 15 fo section 17 and updated.

Funding moved from section 17 to section 18.

Publication policy moved from section 18 to section 19.

References moved from section 19 to section 20 and updated.

Updated

Updated

Updated
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And minor administrative changes.

3.0

4.0

08/08/12

01/01/13

3 (substantial)

4 (substantial)

Trial summary,

Sections 1.1,
2.2.2,7.0and
appendix 2.1

Trial summary

Sections 3.1.1,

Section 4.0
Section 5.3.1
8.1

9.5

12.0

13.0

15.0

Update of secondary endpoints

And minor administrative changes

Update of eligibility

Update of definition of Principal Investigator
Update of consent section

Update of eligibility

Update of assessment of ambulatory status
Update of data query procedures

Update of Trial monitoring section

Update of patient withdrawal and follow up procedures
Update of statistical analysis

And minor administrative changes.
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Supplement 2. Statistical analysis plan

This supplementary material has been provided by the authors to give readers additional
information about their work.



CANCER RESEARCH UK & UCL CANCER TRIALS CENTRE
UCL Cancer Institute

SCORAD

STATISTICAL ANALYSIS PLAN

Date prepared 11 Oct 2012
Version number 1.0
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1. Summary description of the trial

Trial objectives

To show that ambulatory status using 8Gy in 1
fraction is no worse than with 20Gy in 5 fractions
for patients with metastatic spinal cord
compression {(SCC).

Sample size

700 patients

Intervention arms (what
treatments were given)

Randomised phase lll trial

Arm 1:Multiple fraction radiotherapy 20Gy/5f
Arm 2:Single fraction radiotherapy 8Gy/1f

Primary outcome measure

Ambulatory status at 8 weeks from day 1 of
treatment compared to the same at randomisation.

Secondary outcome measures

Recovery of and time to ambulation

Ambulatory status at 1, 4 and 12 weeks compared
to randomisation (where available)

Maintenance of ambulatory status

Bladder and bowel function at 1, 4, 8 and 12 weeks
from day 1 of treatment compared to
randomisation

Adverse events using RTOG and CTCAE v.4.0 at 1,
4, 8 and 12 weeks from day 1 of treatment

Quality of life measured using the EORTC QLQ-C30
questionnaire at 1, 4, 8 and 12 weeks from day 1 of
treatment compared to the same at randomisation

Further treatment

Duration of care in hospital, hospice, nursing home
or home

Preferred place of care

Overall survival at 12 weeks and 12 months

Statistica! Analysis ifemplate Version 2, 21 Oct 2010 Page of 15
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2. Recruitment, follow-up, and baseline characteristics

The following should be obtained:

The month and year between which patients were recruited (eg between January 2000 and
June 2006)

The age range of patients recruited (eg 25 to 87 years)
The number of centres that recruited patients
The country (or countries) from which patients were recruited

The length of follow up (patients who have died should be censored). This is obtained for all
patients, and in each trial arm (to check that they are similar)

A table of baseline characteristics, in each trial arm. This should contain age, gender, and
any stratification factors used in the randomisation. Other variables could be disease stage,

performance status/ECOG score, body weight, and other key biological and physiological
measurements.

o For categorical variables, each column will contain N (%)

o For continuous variables, each column will contain the mean or median value, and in
brackets, the standard deviation or 25-75" centile values

o P-values for comparing the trial arms should not be reported (see Senn SJ (1994)
Testing for baseline balance in clinical trials, Statistics in Medicine 13: 1715-1726)

The number of patients who were ineligible in each trial arm, and the reasons why they
were ineligible

The number of patients who were recruited to the trial but withdrew later on, and the
reasons (if available)

List any possible major protocol violations or ineligibility criteria that would lead to the

patient not being included in the analysis, eg patient later found not to have the cancer of
interest

Statistical Analysis template Version 2. 21 Oct 2010  Page of 15 3
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3. Treatment compliance

Compliance to radiotherapy

20 Gy/5 fractions
N=?

8 Gy/1 fraction
N=?

Exactly as per protocol

Reasons for non-compliance

Died during treatment

Too il to complete treatment

Withdrew from trial

Administrative error

Other reasons

Reason 1

Reason 2

etc

Reason not reported

Statistical Analysis ternplate Version 2. 21 Oct 2010
Modified for [SCORAD, V2, 13 Jan 2013]
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Reasons for non-compliance contd.....

20 Gy/5 fractions | 8 Gyl fraction
N=? N=?
Reasons for delay
reason 1
reason 2
etc
Reasons for interruptions
reason 1
reason 2
etc
Reasons for dose reduction
reason 1
reason 2
etc
Reasons for stopping protocol
treatment
reason 1
reason 2
etc
4. Efficacy

The following statistical analyses will be performed;
+ Logrank test

¢ Cox regression modelling (to allow for covariates)
s Kaplan-Meier plots

Check model assumptions:

» Time-to-event data: eg use Schoenfeld residuals or a p-value to test the assumption of
proportional hazards

+ Continuous data: examine Normal probability plots, and look for a straight line. If very
curved, take logs of the data or other transformation

Stalistical Analysis template Version 2. 21 Oet 2010 Page of 45
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Primary endpoint:

Ambulatory status at 8 weeks from day 1 of treatment compared to randomization (based on

evaluable patients).

Treatment
20 Gy/ 8 Gyf Risk difference Risk difference
1 fraction 5 fractions (90% Cl) (95% CI) P-value
N=? N=? 8 Gy-20Gy 8 Gy-20Gy
% (n)

Evaluable patients

Pasitive response

Maintenance of 1|2 level

Change from 3|4 to 1|2

Overall positive response

Negative response

Change from 1|2 to 3|4

Remained at 3|4

Died before 8 weeks'
assessment#

Withdrew from trial/consent

Not assessed (patient too ill)

Patient refused assessment

Lost to follow-up

Unknown

Other reasons

1

2

etc

#Percenlages based on the total number per treatment arm

Statistical Analysis template Version 2, 21 Oct 2010
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Other endpoints
a) Survival analyses

Analyses should be intention-to-treat

20 Gy/1 fraction
N=?

8 Gy/5 fractions
N=7?

Overall survival (OS)

Number of deaths

Median OS (months}), 95% CI (or IQR)

12 weeks’ survival rate (95% CI)

1 year survival rate (95% CI)

Time to recovery of ambulation*

Number of events

Median time to recovery (weeks), 95% CI

12 weeks’ rate (95% CI)

Time to ambulation*™

Number of events

Median time to ambulation (months), 95% CI

12 weeks' rate (95% CI)

*In those patients with level 3|4 ambulatory status
**In those patients with level 1|2 ambulatory status

For time-to-event data, provide Kaplan-Meier curves, with number of patients at risk in each

treatment group below the x-axis.

All time points should start from the date of registration.

Statistical Analysis template Version 2. 21 Oct 2010 Page of 15
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Cause of death

20 GyH fraction B Gy/5 fractions
N=7 N=?

Primary cancer

Treatment

Combination of cancer related & treatment
related

Other

Not known

b) Change in ambulatory status at 4 and 12 weeks

Similar table as in the primary endpoint (see page 6)

Statistical Analysis template Version 2. 21 Oct 2010 Page of 15
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5. Adverse events

Present results for the feasibility part and phase II! trial separately because safety data are
collected differently in the two parts of the trial.

For each type of event, the table will show the number (%) of patients. One patient can
appear in more than one row.

a) Grade 3|4 adverse events for Phase lll trial patients based on CTCAE v 4.0

Adverse event Any time
20 Gy/ 8 Gy/
5 fractions 1 fraction
N=7? N=?
Expected

Anorexia or reduced appetite

Diarthoea

Nausea

Dysphagia/Oesophagitis/discomfort on swallowing

Mucositis in oesophagus, bladder, bowe! or rectum

Erythema in the irradiated field

Fatigue

Other

1

2

3

etc

Any of the above adverse events*
*Patients counted only once

b) Similarly list grade 1|2 adverse events.

Statistical Analysis template Version 2. 21 Oct 2010 Page of 186 12
Modified for [SCORAD, V2, 13 Jan 2013]



¢) Grade 3|4 adverse events for the feasibility trial patients using RTOG acute toxicity scale

Adverse event Anytime

20 Gy/5 fractions | 8 Gy/1 fraction
N=? N=?

Skin

Pharynx and oesophagus

Larynx

Lung

Upper Gl

Lower Gl including pelvis

CNS

Genitourinary

Other

1

2

etc

Any of the above toxicities*
*Patients counted only once

d) Similarly list grade 1|2 adverse events.

e) List of Serious Adverse Events and SUSARs
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6. Other analyses

Subgroup analyses will be provided for the following factors:

Radiotherapy centre

Ambulatory status at randomisation

Primary tumour type

Extent of disease (spinal metastases or spinal and non-bony metastases)

The hazard ratio and 95% Cl in each level of the factor would be obtained.

Provide a p-value from a test for interaction between the factor and the treatment
allocation, in relation to the main outcome measure (eg interaction between ambulatory
status and treatment group using overall survival). This could be done using multivariate
Cox modelling (time-to-event data), logistic regression (binary data), or linear regression
(continuous data).

If there are several subgroups, a forest plot could be provided. Add a dashed vertical line
to indicate the no effect value (eg hazard ratio=1, or relative risk=1), and a solid line to
indicate the overall treatment effect (eg hazard ratio from all patients), as in the following
example.

Health ctatws:
At-rizh patient=
Otherihealthy —_—

Senrnder:
Pl
Wamen —

Age (ymars):

a0-89 —_— e
7T O -

Previouoly vocssinaoted:
g 23
No —

— T T T
o.1 Q.3 | =2 3

Vmamines Heitere FPlacwtho Dellemr

Relative rick of ftlu (859 <1}

Muitiple primary endpoints or multiple time points
Use 99% confidence intervals in the subgroup analysis

Muttiple time points: use repeated measures analyses (eg mixed modelling), repeated
ANOVA
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Revision Chronoiogy:

Version Number | Effective date | Reason for change and [ Author
Summary of changes

01 13 Oct 2012 Latha Kadalayil

02 13 Jan 2013 Added 90%CI as per Andre Lopes

design
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Supplementary Online Content

Hoskin PJ, Hopkins K, Misra V, et al. Effect of single-fraction vs multifraction radiotherapy
on ambulatory status among patients with spinal canal compression from metastatic
cancer

JAMA. doi:10.1001/jama.2019.17913

eTable 1. Other baseline characteristics by randomization group

eTable 2. Baseline characteristics by randomization group amongst patients evaluable for
the primary endpoint

eTable 3. Patients with unknown outcome at 8 weeks’ time frame

eTable 4. Sensitivity analyses for the primary endpoint: ambulatory status (AS) at week 8
eTable 5. Causes of death

eTable 6. Adverse events

eTable 7. Bladder and bowel function endpoints

eTable 8. Baseline characteristics by randomization group amongst patients evaluable for
the primary endpoint who lived beyond 48 weeks

eTable 9. Ambulatory response at 8 weeks by location of SSC site

eTable 10. Quality of life at 4 and 8 weeks by ambulatory response in 20Gy/5f and 8Gy/1f
eFigure 1. Ambulatory status by randomization group

eFigure 2. Difference in ambulatory status at 8 weeks according to baseline
characteristics (99% Cls are shown due to multiple analyses). The protocol pre-specified
factors were ambulatory status, primary tumor type and extent of metastases

eFigure 3. Time to loss of ambulation

eFigure 4. Time to recovery of ambulation

eFigure 5. Pain scores in 8Gy/1f and in 20Gy/5f

eFigure 6. Overall survival (hazard ratio) according to baseline characteristics

eFigure 7. Deterioration-free survival

This supplementary material has been provided by the authors to give readers additional
information about their work.
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eTable 1 - Other baseline characteristics by randomization group

Baseline characteristics 8 Gy/1f 20 Gy/5f
N=345 N=341
Bladder function®
Normal 246 (71%) 259 (76%)
Abnormal 96 (28%) 82 (24%)
Not reported 3 (1%) 0 (0%)
Bowel function
Normal 165 (48%) 175 (51%)
Abnormal 177 (51%) 166 (49%)
Constipation 141 (41%) 148 (43%)
Diarrhoea/incontinence 29 (8%) 17 (5%)
Constipation & Diarrhoea/incontinence 7 (2%) 1(<1%)
Not reported 3 (1%) 0 (0%)
Duration of symptoms before SCC diagnosis®
<1 day 13 (4%) 7 (2%)
<1 week 134 (39%) 126 (37%)
<1 month 102 (30%) 104 (31%)
<3 months 37 (11%) 41 (12%)
>3 months 18 (5%) 22 (6%)
Not reported 41 (12%) 41 (12%)

a. Abnormal bladder function is defined as significant urinary incontinence or urinary retention
requiring catheterisation

b. Time between onset of symptoms and SCC diagnosis. This data was not collected in the feasibility
part of the study.

© 2019 American Medical Association. All rights reserved.



eTable 2 - Baseline characteristics by randomization group amongst patients

evaluable for the primary endpoint

Baseline characteristics 8 Gy/1f 20 Gy/5f p
N=166 N=176
| Age, years

Median (range) 71(44t091) | 70 (40t0 95) | 0.43
Sex

Male 125 (75%) 123 (70%) 0.26
Site of primary cancer

Prostate 91 (55%) 91 (52%)

Lung 15 (9%) 25 (14%)

Breast 22 (13%) 24 (14%)

Gl 14 (8%) 15 (9%)

Renal 4 (2%) 6 (3%)

Skin 4 (2%) 3 (2%)

Bladder 3 (2%) 1(1%)

Gynae, head & neck, sarcoma, unspecified 13 (8%) 11 (6%) 0.83
Extent of metastases

Nonskeletal mets present 74 (45%) 66 (38%) 0.18
Number of SCC sites

Single 151 (91%) 165 (94%)

Multiple 15 (9%) 11 (6%) 0.33
Site of spinal cord compression (SCC)

Cervical vertebrae 5 (3%) 7 (4%)

Cervical and thoracic 2 (1%) 4 (2%)

Thoracic 101 (61%) 113 (64%)

Thoracic and lumbar 11 (7%) 9 (5%)

Lumbar 41 (25%) 34 (19%)

Lumbar and sacrum 1(1%) 2 (1%)

Sacrum (S1 and S2) 5 (3%) 5 (3%)

Not reported 0 (0%) 2 (1%) 0.71
WHO performance status

0&1 65 (39%) 65 (37%)

2 47 (28%) 46 (26%)

3 40 (24%) 51 (29%)

4 13 (8%) 12 (7%)

Not reported 1(1%) 2 (1%) 0.85
Ambulatory status

Grade 1: Ambulatory without walking aids 49 (30%) 49 (28%)

Grade 2: Ambulatory with walking aids 83 (50%) 83 (47%)

Grade 3: Unable to ambulate 26 (16%) 33 (19%)

Grade 4: No motor power 8 (5%) 11 (6%) 0.80
Treatment at baseline

Chemotherapy only (< 4 weeks prior randomization) 6 (4%) 17 (10%)

Hormone therapy only (< 4 weeks prior randomization) | 53 (32%) 59 (34%)

Radiotherapy only (£ 6 months prior randomization) 13 (8%) 13 (7%)

Combination of the above 22 (13%) 14 (8%)

None/Not reported 72 (43%) 73 (41%) 0.19

Note: P value for age derived from quantile regression which compares medians; all the other p-

values are derived from chi-square test
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eTable 3 - Patients with unknown outcome at 8 weeks’ time frame

Treatment

8 Gy/1F 20 Gy/5F

N=345 N=341

N (%)
Unknown outcome at 8 weeks’ timeframe? 179 (51.88%) 165 (48.4%)
Died before week 7 119 (66.5%) 106 (64.2%)

target?

Died between week 7 and week 8 8 (4.5%) 17 (10.3%)
Died between week 8 and week 9 3 (1.7%) 2 (1.2%)
Lost to follow-up before week 7 3 (1.7%) 5 (3.0%)
Lost to follow-up between week 7 and week 8 0 (0%) 0 (0%)
Lost to follow-up between week 8 and week 9 0 (0%) 1(0.6%)
Alive beyond week 9 (all with baseline assessment):
Baseline only 4 (2.2%) 0 (0%)
Assessment(s) only before 8 week target® 9 (5.0%) 9 (5.5%)
Assessment(s) only after 8 weeks' target® 1(0.6%) 0 (0%)
Assessments only before and only after the 8 weeks’ 32 (17.9%) 25 (15.2%)

- 8 weeks’ time window is from = 7 weeks to <9 weeks, i.e., 2 49 days and <63 days

b. These patients had assessments outside the protocol specified time window for the 8 weeks assessment
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eTable 4 — Sensitivity analyses for the primary endpoint: ambulatory status (AS) at

week 8
Sensitivity | Intention to treat population Per protocol population
analyses 8 Gy/1f 20 Gy/5f | Risk 8 Gy/1f 20 Gy/5f | Risk
difference difference
N (%) N (%) (90% CI) N (%) N (%) (90% ClI)
8 Gy-20Gy 8 Gy-20Gy

Main analysis (Table 2 of the paper)

Main analysis by intention to treat and per protocol, where the 8-week assessment is defined as
between 49 and 62 days inclusive post-randomization (i.e. at weeks 7 or 8)

any occurrin

Evaluables | 166 176 -3.5% 164 173 -3.9%
Positive 115 128 (-11.5t0 4.6) 114 127 (-12.0t0 4.2)
response (69.3%) (72.7%) (69.5%) (73.4%)

Analysis 1a (primary analysis adjusted for the randomization stratification factors: baseline
ambulatory status, primary tumour and extension of metastases)
e Logistic regression was implemented with the outcome being a positive response at 8 weeks,

and explanatory variables being treatment and minimisation stratification factors.

e The adjusted probabilities of positive response by treatment, the difference in these
probabilities and estimated 90%Cl for the difference were derived from the logistic regression.

Evaluables | 166 176 -4.8% 164 173 -5.3%
Positive 68.5% 73.3% (-11.8to 68.7% 74.0% (-12.3% to
response 2.2%) 1.7)

Analysis 1b (primary analysis using clustered sandwich estimator)

e Logistic regression was implemented with standard errors adjusted for hospital (clustered
sandwich estimator which allows for intragroup correlation) and fit with the outcome being a
positive response at 8 weeks and explanatory variable being treatment.

e The probabilities of positive response by treatment, the difference in these probabilities and

estimated 90%CI for the difference were derived from the logistic regression.
Evaluables | 166 176 -3.5% 164 173 -3.9%
Positive 69.3% 72.7% (-10.3 to 69.5% 73.4% (-11.5% to
response 3.4%) 3.7)

Analysis 2 (handling patients without the 8-week assessment)

40 patients were assessed between 63 and 69 days post-randomization (i.e. up to 1 week after the
62-day limit) so were not included in the main analysis above. The sensitivity analysis includes
these patients. The analysis is therefore based on patients with an AS assessment between 49 and
69 days post-randomization.

Evaluables | 191 191 42 188 188 43
Positive 131 139 (-11.8 to 3.5) 129 138 (125 to 2.9)
response | (68.6%) | (72.8%) (68.6%) (73.4%)

Analysis 3 (handling patients without the 8-week assessment)

57 patients were assessed at 4 weeks and also after week 8 (i.e. after 62 days post-
randomization). However, 51 of these had the same ambulatory response at both time points, so it
was assumed that their 8-week assessment would be the same also. The other 6 patients were not
included here.

Evaluables | 195 198 -4.0 192 195 -4.6
Positive 134 144 (-11.6 to 3.5) 132 143 (-12.2 to 3.0)
response (68.7%) (72.7%) (68.8%) (73.3%)

Analysis 4 (imputation of missing data)

This analysis assumes that the following categories of patients had a negative response (N=89):
* All patients alive beyond week 9 with no ambulatory assessment at week 8 time window (49-62
days post-randomization)

© 2019 American Medical Association. All rights reserved.



« All patients lost to follow-up before week 9 and therefore with no ambulatory assessment at week
8 time window

Evaluables | 215 216 -5.8 211 213 -5.6
Positive 115 128 (-13.6 to 2.1) 114 127 (-13.5t0 2.3)
response (53.5%) (59.3%) (54.0%) (59.6%)

Analysis 5 (imputation of missing data)

This analysis assumes that the following categories of patients had a positive response (N=89):

« All patients alive beyond week 9 with no ambulatory assessment at week 8 (49-62 days post-
randomization)

+ All patients lost to follow-up before week 9 and therefore with no ambulatory assessment at week
8 time window

Evaluables | 215 216 -1.5 211 213 -2.1
Positive 164 168 (-8.2t0 5.2) 161 167 (-8.8 to 4.6)
response (76.3%) (77.8%) (76.3%) (78.4%)

Analysis 6 (imputation of missing data)

This analysis assumes that the following categories of patients had the same positive response
rate at week 8 as the rate observed in the intention-to-treat analysis in the 8Gy/1f group (N=89):

* All patients alive beyond week 9 (=63 days post-randomization) with no ambulatory assessment
at week 8

» All patients lost to follow-up before week 9 with no ambulatory assessment at week 8 time window

Evaluables | 215 216 -2.9 211 213 -3.6
Positive 149 156 (-10.1 t0 4.3) 146 155 (-10.8 t0 3.7)
response (69.3%) (72.2%) (69.2%) (72.8%)

Analysis 7 (imputation of missing data)

This analysis assumes that the following categories of patients had the same positive response
rate at week 8 as the rate observed in the intention-to-treat analysis in the 20Gy/5f group (N=89):
* All patients alive beyond week 9 with no ambulatory assessment at week 8

» All patients lost to follow-up before week 9 with no ambulatory assessment at week 8

Evaluables | 215 216 -2.5 211 213 -3.0
Positive 151 157 (-9.6 t0 4.7) 148 156 (-10.3 to 4.1)
response (70.2%) (72.7%) (70.1%) (73.2%)

Analysis 8 (imputation of missing data)

This analysis considers the following:

« If a patient has the same ambulatory assessment before and after the week 8 time period and the
patient does not have an assessment done during week 8 (as defined), it is assumed that the week
8 assessment is the same as the response the patient obtained before and after the week 8 time
period (N=51).

« All the patients with no ambulatory assessment at week 8 (a) alive beyond week 9 and (b) lost to
follow-up before week 9 are assumed to have the same rate of positive response as the ones with
known ambulatory status at the week 8 time period (N=38)

Evaluables | 215 216 -3.9 211 213 -4.1
Positive 148 157 (-11.1t0 3.4) 146 156 (-11.3t0 3.2)
response (68.8%) (72.7%) (69.2%) (73.2%)

Analysis 9 (Multiple imputation using chained equations - outcome imputed as a binary

variable)

The data for the following category of patients were imputed using multiple imputation (N=89 for

ITT and N=87 for PP):

+ All patients alive beyond week 9 with no ambulatory assessment at week 8 (49-62 days post-
randomization)

+ All patients lost to follow-up before week 9 and therefore had no ambulatory assessment at week
8.

The multiple imputation was done considering the following:
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» The auxiliary variables used were: age, sex, primary tumour, ambulatory status at randomization,
the extent of metastases, number of SSC sites, site of spinal cord compression, recruiting
country, hospital site and treatment group.

» 50 imputations were used in the procedure using a random seed.

+ A direct multiple imputation of the binary outcome response at 8 weeks (AS response at 8 weeks
as positive or negative) was done using logistic regression.

» An unadjusted logistic regression model was estimated using multiple imputations in order to
evaluate the association between treatment group and response at 8 weeks.

» The predicted odds ratios and 90%CI from logistic regression using multiple imputations were
converted into the difference in predicted probabilities and estimated 90%CI.

Evaluables | 215 216 -4.4% 211 213 -5.0%
Positive 65.3% 69.7% (-12.5% to 65.1% 70.2% (-13.4% to
response 3.6%) 3.3%)

Analysis 10 (Multiple imputation using chained equations - outcome imputed directly as an
ordinal variable)

The data for the following categories of patients were imputed using multiple imputation (N=89 for
ITT and N=87 for PP):

+ All patients alive beyond week 9 with no ambulatory assessment at week 8 (49-62 days post-
randomization)

+ All patients lost to follow-up before week 9 and therefore had no ambulatory assessment at week
8 time window

The multiple imputation was done considering the following:

» The auxiliary variables used were: age, sex, primary tumour, ambulatory status at randomization,
the extent of metastases, number of SSC sites, site of spinal cord compression, recruiting
country, hospital site and treatment group.

» 50 imputations were used in the procedure using a random seed.

» Multiple imputation of the ordinal outcome at 8 weeks (AS 1,2,3,4) was carried out using an
ordered logistic regression imputation method. Once the ordinal outcome was imputed, it was
then transformed into a binary variable (positive/negative response) defined in the protocol.

» An unadjusted logistic regression model was estimated using multiple imputations to evaluate the
association between treatment group and response at 8 weeks.

» The predicted odds ratios and 90%CI from logistic regression using multiple imputations were
converted into difference in predicted probabilities and estimated 90%CI to be in line with the
primary analysis results.

Evaluables | 215 216 -3.4% 211 213 -4.4%
Positive 65.5% 68.9% (-11.7% to 65.9% 70.3% (-12.5% to
response 4.9%) 3.7%)

Analyses 4 to 10 are based on the 8 week assessment defined as between 49 and 62 days inclusive post-randomization.
The population used for the intention to treat analysis includes all eligibible randomised patients who did not die by the week 8

timepoint. The population used for the per protocol analysis includes all eligible randomised patients who received treatment as
per protocol who did not die by the week 8 timepoint
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eTable 5 - Causes of death

Cause of death Deaths
N=529
8Gy/1f 20Gy/5f
N (%) N (%)
N=266 N=263
Progressive Cancer 226 (85%) 220 (83%)
Other:
Infections and infestations 4 (2%) 4 (2%)
Cardiovascular disorders 1(<1%) 5 (2%)
Other2 5 (2%) 6 (2%)
Uncertain/Not Known 30 (11%) 28 (11%)
2 Other:

8Gy1f: (1) disease progression; (2) Injury, poisoning and procedural complications; (1)
metabolism and nutrition disorder; (1) nervous system disorder

20Gy5f: (3) disease progression; (1) Injury, poisoning and procedural complications; (1)
General disorders and administration site conditions; (1) Secondary Cancer
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eTable 6 - Adverse events

Adverse events Grade 1 & 2 Grade 3 & 42
N=686 N=686
8Gy/1f 20Gy/5f 8Gy/1f 20Gy/5f
N=345 N=341 N=345 N=341
Skin
Radiation reaction 40 (11.6%) 66 (19.4%) 1(0.3%)
Other 9 (2.6%) 3 (0.9%) 2 (0.6%)
Musculoskeletal
Pain 35(10.1%) 33 (9.7%) 18 (5.2%) 9 (2.6%)
Edema 7 (2.0%) 6 (1.8%)
Muscle weakness 5(1.4%) 5 (1.5%) 3 (0.9%) 4 (1.2%)
Other 2 (0.6%) 1(0.3%)
Gastrointestinal
Anorexia 101 (29.3%) | 101 (29.6%) | 6 (1.7%) 4 (1.2%)
Nausea 65 (18.8%) 63 (18.5%) 4 (1.2%) 1(0.3%)
Diarrhoea 49 (14.2%) 36 (10.6%) 2 (0.6%) 6 (1.8%)
Dysphagia 23 (6.7%) 32 (9.4%) 3 (0.9%)
Constipation 22 (6.4%) 12 (3.5%) 1(0.3%)
Sore throat 13 (3.8%) 33 (9.7%)
Vomiting 3 (0.9%) 8 (2.3%) 2 (0.6%)
Abdominal pain 4 (1.2%) 2 (0.6%) 1(0.3%)
Abdominal distension 1(0.3%) 2 (0.6%)
Oral pain 3 (0.9%) 2 (0.6%)
Other 19 (5.5%) 25 (7.3%) 1(0.3%)
CNS
Fatigue 168 (48.7%) | 189 (55.4%) | 28 (8.1%) 33 (9.7%)
Headache 3 (0.9%)
Other 12 (3.5%) 14 (4.1%) 9 (2.6%) 5 (1.5%)
Blood and lymphatic
Anaemia 1(0.3%) 1(0.3%) 2 (0.6%)
Febrile neutropenia 1(0.3%)
Other 1(0.3%) 1(0.3%) 1(0.3%) 2 (0.6%)
Other
Respiratory 11 (3.2%) 16 (4.7%) 12 (3.5%) 13 (3.8%)
Urinary 10 (2.9%) 10 (2.9%) 4 (1.2%) 1(0.3%)
Infective 6 (1.7%) 9 (2.6%) 3 (0.9%) 2 (0.6%)
Psychiatric 9 (2.6%) 5(1.5%) 1 (0.3%) 4 (1.2%)
Metabolic 1(0.3%) 1(0.3%) 3 (0.9%)
Renal 1(0.3%) 1(0.3%) 1(0.3%) 1(0.3%)
Thromboembolic and other vascular 1(0.3%) 2 (0.6%) 1(0.3%) 1(0.3%)
Other 4 (1.2%) 4 (1.2%) 7 (2.0%) 3 (0.9%)
Any adverse event 179 (51.9%) | 194 (56.9%) | 71 (20.6%) | 70 (20.5%)

@ Three patients had grade 5 adverse event in 8Gy/1f Group: (1) Intracranial haemorrhage (Nervous system disorders); (1)
Supraventricular tachycardia (Cardiac disorders) and Thromboembolic event (Vascular disorders); (1) Sudden death NOS

(General disorders and administration site conditions)

Five patients had grade 5 adverse event in 20Gy/5f Group: (1) Myocardial infarction (Cardiac disorders); (1) Upper respiratory
infection (Infections and infestations) and Other injury, poisoning and procedural complications: Hospital-acquired upper
respiratory tract infection (Injury, poisoning and procedural complications); (1) Stridor (Respiratory, thoracic and mediastinal
disorders); (1) Cardiac arrest (Cardiac disorders); (1) Respiratory failure (Respiratory, thoracic and mediastinal disorders)

All of the above 8 deaths were unrelated to radiotherapy

Note: Each row represents the number of patients that experienced a particular type of adverse event. On each row patients
are counted only once based on the worst grade experienced for each adverse event.
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eTable 7 - Bladder and bowel function endpoints

Assess | Abnormal bladder function Abnormal bowel function
ment 8Gy/f 20Gy/5f Odds ratios | p 8Gy/1f 20Gy/5f Odds ratios p
Events/ Events/N | (95%ClI) Events/ Events/N | (95%Cl)
N (%) (%) N (%) (%)
Overall
Baseline | 96/342 82/341 1.23(0.88t0 | 0.2 177/342 166/341 1.13 (0.84 to 0.4
(28%) (24%) 1.74) 3 (52%) (49%) 1.53) 2
Week 1 | 93/294 76/300 1.36 (0.95t0 | 0.0 131/293 132/300 1.03 (0.74 to 0.8
(32%) (25%) 1.95 9 (45%) (44%) 1.42) 6
Adjusted? 1.15(0.67to | 0.6
1.99) 1
Week 4 | 66/209 53/223 148 (0.97to | 0.0 82/209 79/223 1.18 (0.80 to 0.4
(32%) (24%) 2.26) 7 (39%) (35%) 1.74) 1
Adjusted? 1.61(0.92to | 0.0
2.82) 9
Week 8 | 47/151 34/166 1.75(1.05t0 | 0.0 59/151 61/166 1.10 (0.70 to 0.6
(31%) (20%) 2.92) 3 (39%) (37%) 1.74) 7
Adjusted? 1.78 (0.93to | 0.0
3.39) 8
Week 41/139 35/154 142 (0.84to | 0.1 53/140 55/155 1.11 (0.69 to 0.6
12 (30%) (23%) 2.40) 9 (38%) (35%) 1.78) 7
Adjusted? 1.64 (0.86to | 0.1
3.14) 4
Any 132/316 111/322 1.36 (0.99t0 | 0.0 203/315 | 204/322 1.05 (0.76 to 0.7
time® (42%) (34%) 1.88) 6 (64%) (63%) 1.45) 8
Adjusted? 1.31(0.87to | 0.2
1.97) 0
Only location of SSC site within C1 to T12 (treatment exclusively to the spinal cord)
Week 8 | 29/97 (30%) | 29/117 1.29(0.70 | 04 41/97 (42%) | 46/117 1.13 (0.65 to 0
(25%) to 2.37) 0 (39%) 1.95) .
6
6
Any 92/219 85/236 1.29 (0.88 | 0.1 143/219 148/236 1.12 (0.76 to 0
time (42%) (36%) to 1.88) 9 (65%) (63%) 1.64) .
5
7
Only location of SSC site within L1 to S2 (treatment to the cauda equina)
Week 8 | 15/44 (34%) | 4/39 453 (1.35 | 0.0 14/44 (32%) | 11/39 1.19 (0.46 to 0
(10%) to 15.14) 14 (28%) 3.05) .
7
2
Any 34/81 (42%) | 21/70 1.69 (0.86 | 0.1 51/80 (64%) | 47/70 0.86 (0.44 to 0
time (30%) to 3.32) 3 (67%) 1.69) .
6
6
Only location of SSC site within T6 to L5 (treatment across both the cord and cauda equina)
Week 8 | 3/10 (30%) | 1/8 (13%) | 3.00 (0.25 | 0.3 4/10 (40%) | 3/8 (38%) | 1.11(0.16to 0
to 36.32) 9 7.51) .
9
1
Any 6/16 (38%) | 5/14 1.08 (0.24 | 0.9 9/16 (56%) | 7/14 1.29 (0.30 to 0
time (36%) to 4.79) 2 (50%) 5.43)
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Note: Logistic regression was done comparing 8Gy/1f versus 20Gy/5f. The analysis was based only on the number of patients
with assessment (evaluable patients)

a. Adjusted for bladder function at baseline, sex, age, baseline AS, primary tumour, number of SSC sites, the extent of
metastases at baseline and extent of metastases

Includes assessments at all time points except baseline assessment
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eTable 8 - Baseline characteristics by randomization group amongst patients
evaluable for the primary endpoint who lived beyond 48 weeks

Baseline characteristics 8 Gy/1f 20 Gy/5f o]
N=39 N=38

Age, years

Median (range) 68 (51t086) | 71(40t091) | 0.4
Sex

Female 10 (26%) 6 (16%)

Male 29 (74%) 32 (84%) 0.4
Site of primary cancer

Prostate 26 (67%) 30 (79%)

Lung 1 (3%) 0 (0%)

Breast 7 (18%) 3 (8%)

Gl 1 (3%) 1 (3%)

Renal 1 (3%) 0 (0%)

Skin 0 (0%) 1 (3%)

Bladder 0 (0%) 1 (3%)

Gynae, head & neck, sarcoma, unspecified 3 (8%) 2 (5%) 0.59
Extent of metastases

Nonskeletal mets absence 25 (64%) 29 (76%)

Nonskeletal mets present 14 (36%) 9 (24%) 0.32
Number of SCC sites

Single 37 (95%) 36 (95%)

Multiple 2 (5%) 2 (5%) >0.99
Site of spinal cord compression (SCC)

Cervical vertebrae 1 (3%) 1 (3%)

Cervical and thoracic 1 (3%) 0 (0%)

Thoracic 22 (56%) 23 (61%)

Thoracic and lumbar 3 (8%) 4 (11%)

Lumbar 10 (26%) 8 (21%)

Lumbar and sacrum 1 (3%) 1 (3%)

Sacrum (S1 and S2) 1 (3%) 1 (3%) 0.98
WHO performance status

0&1 19 (49%) 18 (47%)

2 11 (28%) 8 (21%)

3 9 (23%) 9 (24%)

4 0 (0%) 2 (5%)

Not reported 0 (0%) 1 (3%) 0.59
Ambulatory status

Grade 1: Ambulatory without walking aids 13 (33%) 13 (34%)

Grade 2: Ambulatory with walking aids 21 (54%) 15 (39%)

Grade 3: Unable to ambulate 4 (10%) 8 (21%)

Grade 4: No motor power 1 (3%) 2 (5%) 0.48
Treatment at baseline

Chemotherapy only (< 4 weeks prior randomization) 1 (3%) 1 (3%)

Hormone therapy only (< 4 weeks prior randomization) 16 (41%) 19 (50%)

Radiotherapy only (£ 6 months prior randomization) 0 (0%) 4 (11%)

Combination of the above 6 (15%) 2 (5%)

None 16 (41%) 12 (32%) 0.06

Note: P value for age derived from quantile regression which compares medians; all the other p-

values are derived from Fishers’ exact test
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eTable 9 - Ambulatory response at 8 weeks by location of SSC site

Intention to treat population

Per protocol population

8 Gy/1f 20 Gy/5f Risk 8 Gy/1f 20 Gy/5f Risk
difference difference
N (%) N (%) (90% CI) N (%) N (%) (90% ClI)
8 Gy-20Gy 8 Gy-20Gy
Group 1 - Location of SSC site within C1 to T12
Evaluables 108 124 -1.0% 108 122 -1.3%
Positive response | 73 (67.6%) | 85 (68.6) -11.1% to 73 (67.6%) | 84 (68.9%) | -11.4% to
9.1% 8.9%
Group 2 - Location of SSC site within L1 to S2
Evaluables 47 41 -8.8% 46 40 -9.2%
Positive response | 36 (76.6%) | 35 (85.4%) | -22.4% to 36 (78.3%) | 35 (87.5%) | -22.4% to
4.9% 4.0%
Group 3 - Location of SSC site within T6 to L5
Evaluables 11 9 -12.1% 10 9 -16.7%
Positive response | 6 (54.6%) | 6 (66.7%) | -47.9% to 5(50.0%) | 6(66.7%) | -53.3% to
23.6% 20.0%

Note: The total is 340 instead of 342 because two patients had unknown location of SSC site (it was not reported at baseline)
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eTable 10 — Quality of life at 4 and 8 weeks by ambulatory response in 20Gy/5f and

8Gy/1f
Quality of Life scales | Ambulatory response Mean difference adjusted for
by ambulation status | (Grade 1-2) (Grade 3-4) QoL baseline scores

N Mean N Mean (1-2) vs (3-4) o]
(95%CI)

QoL at 4 weeks according to ambulatory response at 4 weeks
20Gy/5f
Global health status 99 45.3 37 27.0 13.4(5.3 to 21.5) 0.001
Physical functioning 98 44 .4 37 6.9 21.9(13.6 to 30.1) p<0.0001
Role functioning 98 34.4 37 2.7 23.2(13.1 t0 33.3) p<0.0001
Emotional functioning | 99 74.4 37 69.1 2.0(-7.2t0 11.1) 0.67
Cognitive functioning 99 75.6 37 64.9 7.4(-1.9 10 16.7) 0.12
Social functioning 98 49.5 37 14.4 23.0(11.0 to 35.0) p<0.0001
8Gy/1f
Global health status 105 46.8 39 28.0 15.2(7.5 to 22.9) p<0.0001
Physical functioning 105 43.4 39 3.2 29.6(20.9 to 38.4) p<0.0001
Role functioning 103 33.5 38 4.0 25.6(15.2 to 36.0) p<0.0001
Emotional functioning 105 74.0 39 66.3 7.5(-0.8 to 15.7) 0.08
Cognitive functioning 105 79.0 39 66.7 8.6(-0.01to0 17.1) 0.05
Social functioning 105 40.3 39 18.6 16.0(5.3 to 26.7) 0.004
QoL at 8 weeks according to ambulatory response at 8 weeks
20Gy/5f
Global health status 81 48.6 26 33.0 14.0(4.3 to 23.7) 0.005
Physical functioning 82 43.7 26 6.9 27.6(17.2 to 38.0) p<0.0001
Role functioning 81 34.6 27 8.0 24.0(11.7 to 36.3) p<0.0001
Emotional functioning | 82 74.2 26 69.6 0.8(-8.7 to 10.1) 0.88
Cognitive functioning 82 77.0 26 75.6 1.3(-8.7 t0 11.2) 0.80
Social functioning 81 50.0 26 11.5 32.1(18.8 to0 45.6) p<0.0001
8Gy/1f
Global health status 83 45.9 22 31.8 11.0(-1.0 to 23.0) 0.07
Physical functioning 83 45.5 22 3.2 34.5(21.4 to 47.7) p<0.0001
Role functioning 82 35.9 22 5.3 27.2(12.8 to 41.7) p<0.0001
Emotional functioning | 82 70.0 22 61.0 5.3(-7.51t0 18.1) 0.41
Cognitive functioning 82 74.3 22 69.7 1.8(-11.0 to 14.6) 0.78
Social functioning 82 45.7 22 18.2 18.1(2.2 to 34.0) 0.03

Ambulatory status - Grade 1-2: able to walk/mobile. Grade 3-4: unable to walk easily/not mobile.
All QoL scores are on a scale 0-100, where a high score indicates good health. Hence a positive mean difference indicates that

QoL is better among patients with ambulatory grades 1-2.
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eFigure 1 - Ambulatory status by randomization group
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Note: Week 1 is between day 7 and 13 inclusive after randomization. Week 4 is between day 21 to 34 inclusive after

Assessment timepoints after randomisation

randomization. Week 8 is between day 49 to 62 inclusive after randomization. Week 12 is between day 70 to 97 inclusive after

randomization.

* These time points were outside the protocol specified time frames for the assessments and are shown here for completeness
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eFigure 2 — Difference in ambulatory status at 8 weeks according to baseline
characteristics (99% Cls are shown due to multiple analyses). The protocol pre-
specified factors were ambulatory status, primary tumor type and extent of
metastases.

Baseline ! ! Interaction
Characteristics N ! ! p Risk diff (99%Cl)
1 1
Age ! |
<65 years 102 — 0.3% (-23.5,24.0)
265 years to <75 years 128 —+—F e+ 6.6% (-14.4,27.5)
275 years 112 —_———1 | 0.07 -18.7% (-39.5,2.0)
1 1
Sex | |
Male 248 e+ -2.0% (-16.5,12.5)
Female 94 —t——— 0.58 -8.8% (-34.3,16.6)
1 1
Ambulatory status | !
1&2 264 — 1 1 -5.3% (-17.8,7.2)
3&4 78 D B S I E— 0.86 -5.6% (-34.1,22.9)
1 1
Primary tumour | |
Prostate 182 1T — 3.3% (-12.6,19.2)
Lung 40 *— T -17.3% (-58.7,24.0)
Breast 46 0 . 11.0% (-21.0,42.9)
Gl 29 r T -10.0% (-57.4,37.4)
Other 45 . T | 0.10 -35.1% (-69.4,-0.9)
Extent of Metast : :
xtent of Metastases | |
Absent 202 — T ® I -2.8% (-19.0,13.3)
Present 140 — 7 * I 0.97 -3.5% (-23.8,16.8)
1 1
WHO status
Oor1 130 : *:7 3.1% (-13.2,19.4)
2 93 — 1 -8.1% (-30.0,13.7)
3 91 | -10.8% (-37.7,16.1)
4 25 ) 0.68 -10.3% (-56.5,36.0)
. 1 1
No of SCC Sites
Single Site 316 :—r—: -3.1% (-16.2,9.9)
Multiple Sites 26 | A\ | >0.99 -3.6% (-53.2,45.9)
Cervival SCC ! !
No 322 e 2.0% (-15.2,11.2)
Yes 18 ° : : 0.17 -14.3% (-48.3,19.8)
Thoracid SCC ! !
No 100 ——1—! -10.6% (-30.0,8.9)
Yes 240 AI—c—IL 0.24 -0.9% (-16.6,14.9)
Lumbar SCC ! !
No 242 1 -1.6% (-17.0,13.7)
Yes 98 —te—1— 0.49 -8.3% (-30.4,13.8)
1 1
Sacrum SCC | |
No 327 el -2.5% (-15.6,10.6)
Yes 13 - ' 0.22 -16.7% (-55.9,22.5)
1 1
Any baseline treatment | |
No 144 —t—]— -9.3% (-29.7,11.1)
Yes 197 ——p—— 0.35 0.8% (-15.1,16.6)
1 1
Chemotherapy | |
No 306 11 -4.2% (-17.4,9.0)
Yes 36 —® i 0.96 -4.2% (-48.8,40.5)
1 1
Hormone treatment | |
No 201 — 1 | -11.6% (-28.9,5.8)
Yes 141 1T 0.08 6.5% (-10.8,23.8)
1 1
Radiotherapy | |
No 285 T -2.4% (-16.3,11.4)
Yes 57 T® T 0.66 -8.3% (-39.4,22.7)
1 1
Bladder function | |
Normal 269 T | -2.3% (-15.2,10.6)
Abnormal 72 I *— 0.71 1.9% (-28.2,32.0)
1 1
Bowel function
Normal 184 R 1.0% (-14.6,16.7)
Abnormal 157 ] 1 0.43 -7.5% (-27.3,12.4)
. 1 1
Duration of symptoms | |
<1 week 126 4” ) -0.9% (-23.0,21.2)
> 1 week to < 1 month 92 ! ] -0.2% (-22.8,22.4)
21 month 75 e \ 0.72 -10.0% (-36.1,16.1)
Country ! !
UK 325 B R -2.5% (-15.4,10.3)
Australia 17 ° : : 0.55 -18.1% (-79.4,43.3)
1 1
l l
| | | | | |
-50 -30 A1 0 11 30 50

Favours 20Gy/5F

Favours 8Gy/1F
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eFigure 3 — Time to loss of ambulation

100 _
9
< Patients graded ambulatory
= status 1|2 at randomisation
)
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© 75 8Gy/1F
% i
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]
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g 25]
)
S HR:1.22 (95%Cl:0.88,1.71), p=0.24
o
1<)
[}
o 0 T T T T T

0 4 8 12 16 20
Time since randomisation (in weeks)
Number at risk
20Gy/5f 223 (26) 167 17) 126 (12) 97 9) 4 (0) 1
8Gy/1F 228 (34) 154 (15) 128 17) 92 9) 1 0) 0

Note: Proportionality assumption test p=0.96

eFigure 4 — Time to recovery of ambulation

1004
§ Patients graded ambulatory
~ status 3|4 at randomisation
o 20Gy/5F
) 75 8Gy/1F
E i
7]
g' HR:1.15 (95%Cl:0.71,1.85), p=0.58
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8
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©
o
o)
o
0 T T T T
0 4 8 12 16
Time since randomisation (in weeks)
Number at risk
20Gy/5f 118 (23) 57 (6) 30 (3) 18 (0) 0
8Gy/1F 17 (28) 54 @ 27 %) 14 (0) 2

Note: Proportionality assumption test p=0.55



eFigure 5 - Pain scores in 8Gy/1f and in 20Gy/5f

Pain
® 20Gy/5F ® 38Gy/1F

100 4
p=0.685
80 p=0.422
i E T p=0.279 p=0.240
=)
= p=0.522
< 60 p=0.562 ®
e p=0.155 p=0.228
£0 } ® p=0.252
TR
oS -
0D, } }
o~ 404 °
GLJ 4 L
>
Z
o
20 4
0. 1
T T N T Bl ™1 * ] T Bl T T T
Q$\Qz e;‘- & vz;“ v
& N N N &
Timepoints

Note: Week 1 is between day 7 and 13 inclusive after randomization. Week 4 is between day 21 to 34 inclusive after
randomization. Week 8 is between day 49 to 62 inclusive after randomization. Week 12 is between day 70 to 97 inclusive after

randomization.

* These time points were outside the protocol specified time frames for the assessments and are shown here for completeness.

The figure shows the mean pain score at each time point, adjusted for the baseline score, from a repeated measures mixed
model that included an interaction term between time and treatment group.
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eFigure 6 - Overall survival (hazard ratio) according to baseline characteristics

8Gy/1F 20Gy/5F
Baseline Number of 12-week Median OS Number of 12-week Median OS Interact.
Factors patients 0OS % time(wks) patients 0S %  time(wks) [ HR,(99%Cl) p
Age
<(?5 years 91 51% 13 113 51% 12 —_— 0.9 (0.59;1.38) 0.53
265 years to <75 years 148 47% " 109 56% 14 R 1.08 (0.75;1.56) 0.58
275 years 106 54% 15 119 56% 17 I B E— 0.64 1.08 (0.73;1.61) 0.6
Sex
Male 255 53% 14 248 52% 13 —_— 1.02 (0.78;1.32) 0.86
Female 90 43% " 93 61% 17 e B — 0.89 1.08 (0.69;1.68) 0.67
Ambulatory status
18&2 228 60% 19 223 61% 17 ——— 0.96 (0.72;1.28) 0.72
3&4 "7 30% 7 118 43% 8 D I — 0.23 1.18 (0.81;1.71) 0.26
Primary tumour
Prostate 152 69% 31 152 63% 22 4 E— 0.96 (0.67;1.36) 0.7
Lung 66 15% 5 66 45% 8 F——————————&—— 1.64 (1;2.68) 0.01
Breast 39 72% 24 40 69% 22 0.84 (0.41;1.75)  0.55
Gl 35 29% 7 38 32% 7 1.1(0.57,2.09)  0.72
Other 53 38% 10 45 47% 10 0.11 1.01(0.57;1.79)  0.95
Extent of Metastases
Absent 186 57% 15 185 67% 23 S B A— 1.11(0.81;1.51) 0.4
Present 159 43% 10 156 40% 9 — 0.27 0.92 (0.67;1.27) 0.52
WHO status
Oor1 97 71% 28 94 74% 28 —— 0.87 (0.55;1.38) 0.45
2 88 56% 14 81 57% 16 1.12(0.7;,1.78)  0.54
3 114 36% 9 121 45% 10 O A 1.11(0.76;1.61)  0.49
4 44 26% 5 41 35% 7 \d 0.49 1.28 (0.7;2.34) 0.3
No of SCC Sites
Single Site 303 52% 13 311 54% 14 — 0.97 (0.77:1.23)  0.77
Multiple Sites 42 37% 9 30 63% 16 A 0.1 1.61(0.77;3.36) 0.1
Cervival SCC
No 333 50% 13 321 54% 13 — 0.99 (0.79;1.25) 0.92
Yes 12 42% 9 18 66% 28 * 0.2 1.83(0.57;5.82) 0.18
Thoracid SCC
No 91 53% 14 85 3% 17 —_— 0.98 (0.62;1.56) 0.93
Yes 254 49% 12 254 52% 13 — 0.74 1.05(0.81;1.35) 0.65
Lumbar SCC
No 253 48% " 254 54% 13 S A 1.07 (0.83;1.39) 0.5
Yes 92 55% 14 85 55% 15 —_— 0.41 0.92 (0.59;1.44) 0.63
Sacrum SCC
No 333 50% 12 329 54% 13 - 1.02 (0.82;1.29) 0.79
Yes 12 58% 13 10 80% 14 0.99 0.93(0.22;3.82) 0.89
Any baseline treatment
No 156 42% 10 141 52% 13 —_— 1.03 (0.74;1.44) 0.81
Yes 188 57% 17 200 57% 15 B 0.85 1.01(0.74;1.36) 0.95
Chemotherapy
No 314 51% 13 295 56% 14 B S 1.03 (0.81;1.31) 0.78
Yes 31 45% 10 46 46% 10 0.71 1.13(0.6;2.14)  0.61
Hormone treatment
No 220 40% 9 222 48% 1 — 1.09 (0.83;1.43) 0.43
Yes 125 68% 33 119 66% 27 R & E— 0.42 0.95(0.64;1.42) 0.77
Radiotherapy
No 276 50% 12 273 58% 16 e . A— 1.08 (0.84;1.39) 0.42
Yes 69 51% 13 68 40% 8 —_— 0.14 0.79(0.48;1.29) 0.21
Bladder function
Normal 246 55% 15 259 57% 14 — ] 0.96 (0.74;1.25) .68
Abnormal 96 37% 8 82 46% 1 A 0.29 1.17 (0.75;1.81) 0.36
Bowel function
Normal 165 58% 20 175 60% 17 — 0.87 (0.62;1.2 0.26
Abnormal 177 42% 9 166 49% 12 S B — 0.07 1.17 (0.85;1.6 0.2
Duration of symptoms
<1 week 47 42% 10 133 54% 13 R N A— 111 E0‘78;1,56; 0.46
21 week to < 1 month 102 55% 17 104 49% 12 — 1 0.87 (0.58;1.31) 0.4
2 1 month 55 67% 20 63 57% 16 R N EE—— 0.42 0.84 (0.47;1.49) 0.42
Country

K 329 50% 12 324 54% 13 R S— 1.02 (0.81;1.29) 0.82
Australia 16 50% 10 17 59% 17 0.86 1.08 (0.41;2.82) 0.84

I [N I I I

25 5.6 -8 1 12 15 2

Decreased risk of Increased risk of
death in 8Gy/1F death in 8Gy/1F



eFigure 7 — Deterioration-free survival
100 -

20Gy/5F
8Gy/1F

75

HR:0.99 (95%CI:0.80,1.22), p=0.93

Deterioration-free survival (%)

0 T T T T T I T T |
0 24 48 72 96 120 144 168 192 216

Time since randomisation (in weeks)

Number at risk
20Gy/5f 223 65 33 13 6 4 3 1 0 0
8Gy/1F 228 62 38 12 8 6 2 2 1 0

An event is any patient who had ambulatory status grade 1 or 2 at baseline who then deteriorated to grade 3-4 during the trial
(mostly within the 12-week time frame, but some assessments went beyond this), or had died at any time, whichever came first.
Patients whose ambulatory status did not progress to grade 3 or 4 (mostly within 12 weeks) and did not die were censored at
the date last seen alive (acknowledging that some of these patients may have progressed to grade 3-4 after their last
ambulatory assessment but we do not have this information).
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Data Sharing Statement

Hoskin. Effect of Single-Fraction vs Multifraction Radiotherapy on
Ambulatory Status Among Patients With Spinal Canal Compression
From Metastatic Cancer. JAMA. Published December 03, 2019.
10.1001/jama.2019.17913

Data
Data available: No
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